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_ East Africa’s expanding industries— 


HARVESTING THE COFFEE CROP 


The coffee tree is an exacting plant, but the 
three territories of East Africa provide the 
combination of soil and climate it needs to flourish. 
This happy chance of nature was recognised by 
the pioneers and today coffee is one of the most 
important exports of East Africa. Coffee has been 
grown commercially here for a little over 

50 years. But now the products of plantations 

in Kenya, Uganda, and Tanganyika are sent to 
40 countries all over the world, and in 1954 
exports amounted to 66,000 tons. 


One of the first exports from Uganda was 
a consignment of coffee in 1903. It was 
carried on the Uganda Railway. Since 
then the coffee-growing industry has 
developed into one of the most important 
in East Africa. That development has 
meant increasing demands on the rail 
services, lake services and port facilities. 
In 1935 the coffee industry throughout 
East Africa, by then well established, 
called upon the railways to transport 


60,000 tons of coffee. In 1954 the tonnage 
transported had grown to 102,000, and 
this figure had been increased to 187,000 
tons by the end of 1955. 

To meet the needs of today, East 
African Railways and Harbours have 
3,432 wagons in service and another 870 
on order. The lake services have been 
improved by the provision of new 
launches and lighters. And big develop- 
ment schemes at the ports are speeding 
East African coffee exports all over the 
world. These exports are vital to East 
African economy. Railway and dock 
facilities are vital to the exports—and 
East African Railways and Harbours are 


constantly improving and developing the 


service they provide for the coffts 
growers, and all those workers, on the 
land and in industry, who are helping to 
build a greater East Africa. 


..» served by 
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farmers who use 
Shell Weedkiller D — 
know that they get... 


BIGGER HARVESTS 
AT LESS COST | 


SHELL WEEDKILLER D CONCENTRATE — 


a selective weedkiller — for the control of broad- 
leafed weeds in Wheat, Barley, Maize and pasture 
lands 


Not only an effective weedkiller but economical 
too . .. the increase in yield pays its cost many 
times over 


Shell Weedkiller D Concentrate is obtainable from 
all branches of the K.F.A. and Dalgety & Co. Ltd. 


for Aerial or Ground Spraying use 


Shell Weedkiller 
D Concentrate 


Shell Chemicals 


DISTRIBUTING COMPANY OF AFRICA LTD. 
(Incorporated in England) 


P.O. BOX 5005, NAIROBI; TELEPHONE 23015 Registered Trade Mark 
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CANADA 


In Canada the Barclays Group is closely associated with the Imperial Bank 
of Canada which has some 270 branches 


This organisation, with correspondents throughout the world, is able to offer to those 
concerned with trade or travel all the services a modern Bank can perform for its 
' customers 
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“BARDEX” Reinforced 
i Transparent P.V.C. Hose by 


GRIFLEX PRODUCTS LIMITED 


This tubing is a combination of a plastic 

tube and a spiral steel wire reinforcement. 

This combination has, the advantage of a 

guaranteed constant bore in the tube even 

if bent or knotted, as well as protection 

for the metal against abrasion, weathering 
and chemical influences. 


@ Petrols and oils leave it virtually unaffected. 


@ Ideal for refrigerating fluids and gases. 


@ Good resistance can be claimed to alc- 
hols, aliphatic hydrocarbons and mineral! 
oils. 


@ It is workable in safety between the tempe 
ratures of plus |170°F. down to minus 5°F. 

@ It is self-extinguishing, in that whilst it 
will burn when a flame is applied to it, 
it will not continue to burn when the flame 
is removed. 

@ TENSILE STRENGTH OF STEEL REIN- 
FORCEMENT—! 10 tons per square inch. 

@ It is clear; the flow through can Le checked 
visually for stoppages and air Jocks. 


WIGGLESWORTH 


& Company (Africa) Limited 


P.O. Box 3792 NAIROBI ‘Phone: 20296 
Branches: Dar{es? Salaam,{ Mombasa, Tanga, Kampala 
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Sole Distributors for East Africa: 


SMITH, MACKENZIE & CO., LTD. 
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These are not funny .... 


Whether im maize os coffee - farm buildings or refuse dumps 
the danger from pests to your health end crops is real. 
Use Arkotine S.D.18 to eliminate these dangers.- 


Arkotine SD18 


Arkotine §.D.18 is no ordinary DDT product. It is a 
formulation developed by Shell, containing a special activator 
to give added efficiency at lower cost. So when buying DDT, 
be sure to ask for Arkotine S.D.18. 

~ Arkotine $.D.18 is not only deadly to thrips, caterpillars and” 
antestia, but equally effective in farm ‘buildings or for general 
use and for all other purposes where DDT is used. 


Shell Chemicals 


DISTRIBUTING COMPANY OF AFRICA LTD 


(Incorporated in England) 
P.0. BOX 5005, NAIROBI) — TELEPHONE: 23015 
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NATIONAL BANK OF INDIA 


LIMITED | 


(INCORPORATED IN THE UNITED KINGDOM) 


ESTABLISHED IN 1863 


HEAD OFFICE: 26 BISHOPSGATE, LONDON, E.C.2. 
WEST END OFFICE: 13 ST. JAMES’S SQ., LONDON, S.W.1. 


Bankers to the Governments of Kenya, Uganda and Zanzibar . ‘ 


Subscribed Capital 7 £4,562,500 
Paid-up Capital 3 x £2,851,563 
Reserve Fund®~ ..... £3,104,687 
EVERY DESCRIPTION OF COMMERCIAL 
BANKING AND TRUSTEE BUSINESS TRANSACTED 
NIGHT SAFE BANKING FACILITIES AVAILABLE 
AT NAIROBI BRANCH 


WL. 
TOGETHER WE GROW 


Close ties between farmer and Banker are essential in this rapidly growing country. 
Years of experience in monetary matters dealing with every branch of farming and 
agriculture, enable us to know your problems. We are here to help and advise you. 


‘THE STANDARD BANK 
OF SOUTH AFRICA LIMITED 


incorporated in the United Kingdom 


Over 700 Branches & Agencies in South, Central & East Africa 
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UNSONS or JOHANNESBURG 


SPECIALISE IN 


PASTURE SEEDS 


FOR 


EAST AFRICA 


GUNSONS VELVET SORGHUM IS A SILAGE PLANT 
THAT ALL RAISERS OF LIVESTOCK SHOULD GROW 


WRITE FOR COMPREHENSIVE NEW CATALOGUE 
also for 


FREE BROCHURE ON PASTURE ESTABLISHMENT 
TO 


| GUNSON SEEDS SouTH Arrica (Pty.) Ltb. 


Directors: R. W. Gunson (British), P. Balint (British), S. Andor, D.Sc. (British) 


Seed Cleaning Plant, Warehouses TELEPHONES 33-8781-2-3 ELIZABETH HOUSE 
and Trial Grounds: Cable Address: “CERTSEED” PRITCHARD STREET 
KLIPRIVIER, TVL P.O, Box 9861 Cor. SAUER STREET 


JOHANNESBURG 
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THE 


AFRICAN MERCANTILE COMPANY 


LIMITED 


has been operating in East Africa since 1915 and has branches at Incorporated in England . 
all principal trading centres throughout Kenya, Uganda, Tanga- 
nyika, Zanzibar. 


The Company imports many descriptions of manufactured goods, 
including cotton piece-goods, hardware, building materials, jute 
goods, wines and spirits, paints, etc. 


The Company is also selling Agents for the East Africa Bag 


and Cordage Co., Ltd., of Ruiru; the East African Portland 
Cement Co., Ltd., of Nairobi; British Standard Portland Cement 


Co., Ltd., of Bamburi; Depositaires for Dunlop Rubber Co., Ltd. ; 
and Distributors for Tyre Equipment and Reconditioning Co., Ltd. 
Managing Agents for Hunting-Clan Air Transport Limited. 
Agents for: British Commonwealth Insurance Co., Ltd.; North 
British & Mercantile Co., Ltd. 


LONDON OFFICE, St. Swithin’s House, 11 and 12 St. 
Swithin’s Lane, E.C.4. BRANCHES: Mombasa, Nairobi, 
Kisumu, Mbale, Kampala, Bukoba, Mwanza, Dar. es 
Salaam, ‘Tanga, Zanzibar and Lindi. 


/ j 
UNITED AFRICA COMPANY 


The United Africa Produce Buying 
THE UNITED AFRICA CO. (KENYA) LTD. Companies are a part of a world-wide 


Nairobi organization. These companies and their 
associates in other parts of the world, 


Moone were created to provide producers with 
an efficient outlet for their goods. 
Their knowledge of world conditions 
ili i ducers 
; ND LTD. and prevailing prices ensures pro 
eg econ P the maximum return. All branches of 
Kampala their organization are headed by 


Mbale experts. 

Amongst a wide range of produce, the 
U.A.C. buy in East Africa, Coffee, 
Cotton, Hides and Skins, Castorseed, 
THE UNITED AFRICA CO. (TANGANYIKA) LTD. | Sunflower seed, Beeswax, Sesame seed, 
Copra, Oilcake. If you have a commodity 
to market, no matter how small the 
quantity, write, phone, or call at the 

nearest U.A.C. Branch. 


Dar es Salaam 


Mwanza 


HEAD OFFICE: P.O. Box 2, Nairobi. 
Phone 22132 ; 
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Shell Chemicals 


DISTRIBUTING COMPANY OF AFRICA LTD. 


(Incorporated in England) 
P.O. BOX 5Q05, NAIROBI TELEPHONE: 23015 


It’s underground out of 

sight that a real danger to YOUR 
crop lies. Insect pests 

attack the seeds, roots and 
young shoots below the surface. 
In severe infestations 

compiete crops may be destroyed 
and even a resown field may 
suffer. Extensive use has proved 
that Shell 40% aldrin wettable 
powder applied as a spray 

or with a fertiliser gives 
excellent protection. Shell 40° 
aldrin wettable powder can 

also be applied with the seed. 


Shell 40° aldrin 


wettable powder 
safeguards your crops 


Registered Trade Mera 
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Ndurumo Limited Zebu 
(Boran) Cattle 


Selectively bred in the Laikipia district, Kenya, 


~ 


for over thirty years 


2! Year Old Boran Bull 


Pedigreed and herd bulls for sale 
from our polled and horned Zebu herds of 


beef and dairy cattle 


for particulars apply: - 


Ndurumo Limited, Box3, Rumuruti, Kenya Colony 


Telephone: Rumuruti 4 
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A product of the modern I.H. Works at Doncaster, 
England, this great McCormick International Tractor 
is designed to give you a fuller measure of responsive 
and reliable power. With its 6,000-Ib. drawbar pull 
you can employ time-saving 4-furrow ploughs and 
heavy duty harrows. Engineered for long life, the Super 


B W D BWD.-6 is built to give you years of trouble-free service. 
= 


D I] E. S$ E, L TR A C 70 R 1 Full diesel engine developing so.s BHP. 
50.5 B.H.P. 


2 Three-point linkage with ‘live’ hydraulic 


Fl VE SUPER control. You get effortless and instantaneous 


raising and lowering of implements 


is ADVA NTA GES whenever the engine is running. 


3 Torque control device on fuel pump which 
boosts power whenever engine is pulled 
under speed by overload. 


4 Adjustable wheel treads— 4 front wheel 
settings ; 3 rear whecl settings. 


5 Swinging drawbar with 13" of vertical 
movement can be raised or lowered 
hydraulically. 


vet | 
Three Million 
Tractors Prove... 


INTERNATIONAL 
HARVESTER 


INTERNATIONAL HARVESTER 


COMPANY OF EAST AFRICA LIMITED 
Jeevanjee St., Nairobi, P.O. Box 12668 
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TRACTOR 


An investment that shows a 


profit every day of the year 


THE NEW B.M.C. 
DIESEL ENGINE GIVES 


* AN MORE HORSE-POWER 


Ge gg ayia MORE TORQUE 


: enn 


LESS FUEL CONSUMPTION 


AT NO INCREASE 
IN FIRST COST 
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: GAILEY & ROBERTS 


LIMITED 


KENYA UGANDA TANGANYIKA 
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We shall be glad to call 
and give advice on siting 
boreholes in relation to your 


distribution. 
We also arrange proper 
td geological advice and Goy- 
. ernment approval. 


KARLSSONS G&G FINNE LTD. 
P.O. Box 1034, Mansion House, 
Nairobi — ’Phone: 25445 


For Building Society Facilities use 
East Africa’s Own Society 


SAVINGS AND LOAN SOCIETY LTD. 


A subsidiary of PEARL ASSURANCE COMPANY, -LTD. and 
a member of the Building Societies Association 


NEW INTEREST RATES FOR ALL DEPOSITORS 
FROM Ist APRIL, 1956 


4 per cent per annum on a per cent per annum on 


Savings Account Deposit Accounts subject to 
one year’s notice 


For free booklet apply to the General Manager, 


SAVINGS & LOAN SOCIETY LTD. 


Motor Mart Building, Stewart Street, 
P.O. Box 5129 — Nairobi — ‘Phone: 22879 
Agency: Branch: Agency: 


P.O. Box 45, Standard P.O. Box 3137, Argyll P.O. Box 882, National 


Bank Chambers, Dar es House, Mombasa Bank Chambers, Kampala 
Salaam Z ‘ 
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IN THE 
OF AGRICULTURE- 


We are proud to be associated with the following world-known Manufacturers, 
for whose products we are the East African Agents: 


ALLIS-CHALMERS TRACTOR 
DIVISION. 

Agricultural Implements, Combine Harvesters 
Harvesters, Pick-up Roto-Balers, Side Delivery 
Rakes, Auxiliary Motors, Cotton Pickers, 
Spraying Machines. 

BRITISH STANDARD MACHINERY 
Britstand Rippers, Scrapers, Ditchers, Scoops, 
etc. 

LTD. 

Mid-mounted Mowers. 

ING CO. LTD. 

Elevators, Manure Spreaders, etc. 

Hoes, Cultivators & Seeders. 

KENT ENGINEERING & FOUNDRY 
Spraying & Dusting Machines. 

HEINRICH LANZ 


Tracklaying and wheeled tractors, Ploughs and 
(Trailed and Self-Propelled), Silage Forgage 
Corn Harvesters (1 & 2 row). 

ALLMANS OVERSEAS LTD. 

co. LTD. 

FEATHERSTONE AGRICULTURAL 
HART AGRICULTURAL ENGINEER- 
JALO PRODUCTS LTD. 

LTD. 

Wheel Tractors. 


A. C. MORRISON (ENGINEERS) LTD. 
Electric Generating Sets. 
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SALES SPARES AND SERVICE 


~ BLAKE-MACKAY 


SERVICE 


PAN-AFRICAN INDUSTRIES LTD. 


Soilmaster Ploughs, Cultivators, Seeders, 
Planters, etc. 


F. PERKINS LTD. 
Diesel Engines. 


SALOPIAN ENGINEERS LTD. 


Salopian Trailed Ploughs, Kenneth Hudson 
Mounted Disc Ploughs. 


SCOTTISH MECHANICAL LIGHT 


_INDUSTRIES LTD. 


Scotmec Hammermills & Mowers. 


STEEL FABRICATORS (OVERSEAS) 
LTD. 


Horndraulic Loadersand Implements, Borers 
& Shredders, Brinkworth Elevators & Stackers 
etc. 


THE THOMPSON MACHINERY CO. 
INC. 


Cane Harvesters. 


THE TRACTOR SHAFTS CO. LTD. 
Smallford Transplanters. 


BRILLION IRONWORKS INC. 
Grass Seeders 


ENGINEERING CO. (AFRICA) LTD. 


Telegraphic Address: ““Macafric’”, P.O. Box 5192, Nairobi, P.O. Box 2225, Mombasa, 
P.O. Box 1832, Dar es Salaam, Phone 6434 
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HUGHES LIMITED 
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: Dieldrex 15 is the answer to... 


THE MEALY BUG 


THE ADULT of this insect lays its eggs in 

the bark of the coffee tree near to the soil. 

On hatching the young larvae tunnel beneath the 
bark, seriously damaging the delicate sap conducting 
ussue Dieldrex, applied before this stage, 
prevents this ring barking by killing the 

adult female and newly hatched larvae. 

Without treatment the larvae conunue burrowing 
down to the roots below soil level where they 
penetrate the wood of the tree From this point 
they travel upwards, leaving tunnels in their 
wake, eventually digging out large cavities 

in which they pupate The adult emerges from 
these cavities carly in the rains. 

The strength of the tree is sapped by the 
activines of this pest and if the infestation 

1s allowed to take its natural course the 

tree can be kuled. 

Do not allow your plantation to die prematurely. 
Look for this pest and use the simple remedy 
Dieldrex. 


ANT 


Shell Chemicals 


DISTRIBUTING COMPANY OF AFRICA LTD. 


(Incorporated in England) 
0 BOX 5005, NAIROBI-TELEPHONE 23015 


THE PHEIDOLE ANT protects and tends the 
mealy bug and scale insects for the sake of 
the honeydew which they secrete. This custodian 


ant has its nest in the soil and to carry 


out it: duty as a protector, it has to travel 

up the trunk of the coffee tree to the mealy 

bugs. Therefore by placing a barrier of Dieldrex 
on to the trunk, the ant is denied access to its 


food supp!y and the bugs are left to the 


mercy of thei) natural enemies, which kill 
them off so preventing further damage and 


protecting the coffee. 


these pests over long periods. 


Pegutered Trade Mar& 


WHITE BORER 


B 
Die be rex 1 5 is simple and easy to opply 


The mealy bug and white borer, two of the most damaging 
insects to coffee. By simply peinting or spraying a band of 


Dieldrex on to the base of the tree, protection is obtained from 
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Introducing 


‘Tropotox’ selective weedkiller, developed at the M&B 
Agricultural Research Station in Ongar, England, 
has been shown under United Kingdom conditions 
to control a wide range of common weeds and to be 


CLOVERS:- CEREALS 

AND MANY IMPORTANT COMMERCIAL VARIETIES OF PEAS 
“Tropotox’ is now undergoing trials to determine its 
usefulness in East African crops. 
“Tropotox’ is supplied in drums of 5 gallons. 


‘TROPOTOX’ setective WEEDKILLER 


trade mark brand 


MANUFACTURED BY MAY & BAKER LTD DAGENHAM : ENGLAND 


an M&B brand Agricultural Product 


BRANCH OFFICE: MAY & BAKER LTD : P.O. BOX 2056 : NAIROBI - TEL: 58070 
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Caused by one of the more common poultry mites, Scaly Leg can 
spread with alarming rapidity, affecting large numbers of the flock. 


THE MODERN TREATMENT | 


Research workers have now shown, however, that treatment with 
‘LOREXANE’ SOLUTION IN MISCIBLE OIL (containing gamma BHC) 
is completely effective in eradicating this unpleasant condition. 
The safest and most potent of all the modern insecticides, gamma 
BHC kills with certainty the tiny parasites causing Scaly Leg. 


Remember, if one bird is affected, the entire 
flock is threatened. It is advisable therefore to 
treat all birds exposed to the infestation. 


*‘“LOREXANE’ 


SOLUTION IN MISCIBLE OIL 
Available in bottles of 250 c.c., 500 c.c. and 2 litres. 


Distributors in East Africa 
SMITH, MACKENZIE & CO. LTD., NAIROBI and all branches. 


IMPERIAL CHEMICAL (PHARMACEUTICALS) LIMITED, MANCHESTER, ENGLAND 
Ph.s. 54/1/0 A subsidiary company of Imperial Chemical Industries Limited. 
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not just 
oiling and greasing 
but... 


Wherever you see the SHELLUBRICATION sign 
you can have confidence that your car will be 
properly serviced. 
The staff are familiar with all makes of cars: they 
work from specially prepared charts which show 
every lubrication point, at what mileage each moving 
part should be lubricated, and which special grades 
of Shell lubricants should be used. The battery is 
serviced and the tyre pressures and lighting. 
checked. A log book record is made of every 
“item of work done on your car. 


SHELLUBRICATIO 


the complete service 


wherever you see the 
SHELLUBRICATION 52972 
you can be sure that 


Service iS REGULAR... 


EFFICIENT... COMPLETE 
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Printed and published by the Government Printer, Nairobi 


Issued under the Authority of the East Africa High Commission and published every three months— 
July, October, January, April. Volume consists of four issues (commencing July issue) 


Editorial Board: Director of E.A. Agriculture and Forestry Research Organization, Director of E.A. Veterinary 
Research Organization, Directors of Agriculture, Kenya, Tanganyika, Uganda and Zanzibar. Directors of 
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Subscription Sh. 10 per volume including postage, payable to the Editor. Subscribers are advised to remit postal 
orders in payment, otherwise bank commission must be added in the case of cheques. 

The Editor does not hold himself responsible for opinions expressed by contributors. 

Matter submitted for publication should preferably be sent through the local member of the Editorial Board. 
Double spacing should be used in typescript. Contributors receive 25 prints of their articles free. Additional 
copies may be obtained on payment if asked for in advance. Prints bear the same page numbers as the 
original articles in the Journal, except where, to meet a contributor’s wishes, prints are supplied before 
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CO-OPERATION IN RESEARCH 


In these days of intensive scientific specialisa- 
tion, it is salutary to recall that, until at least 
the end of the 18th century, the outstanding 
pioneers of science would have  fejected 
specialisation as an unnecessary and possibly 
an unwise method of searching for knowledge. 
St. Thomas Aquinas could even embark con- 
findently on the task of co-ordinating the 
whole of human knowledge and do it so skil- 
fully that the “wisdom of St. Thomas” could 
_ last for a century as an authoritative text. 


The boundaries of scientific knowledge have 
long since spread beyond the mental horizons 
of any single worker. The basic principles of 
scientific training remain the only common 
links between subjects so specialised that many 
of the technical terms in one science are un- 
intelligible to workers in another. The essen- 
tial rules of experiment, based on inductive 
and deductive reasoning, apply to all true 
sciences, and, as a result, a unifying factor is 
provided by the increasing use in all fields of 
the mathematics of probability to test the 
accuracy of measurements and the validity of 
our attempted interpretations of data. 


In this great diversity, the effect of two world 
wars, with their urgent requirements for the 
discovery and the immediate application of new 
knowledge, have led to a reverse process, by 
which scientific disciplines have been re- 
combined in the form of research teams. The 
remarkable progress thus achieved during war- 
time has been followed up subsequently by the 
larger industrial organisations, particularly 
those of the United Kingdom and of the 
United States of America, where the battles of 
modern commercial competition have much of 
the urgency of wartime operations. The Project 
Team, led by an experienced research worker, 
and containing a variety of scientific skills and 
disciplines, has become a major feature of 
modern technical and industrial progress. 


In contrast, scientific work among the many 
Colonial Service departments in East Africa is 
in some danger of over-rigidity in specialisa- 
tion. Specialist training is indeed essential, and 
specialist departments afford many essential 
advantages, particularly in the supervision of 
the work of junior recruits, new to tropical 
conditions, who can with great advantage work 
under the guidance of experienced specialists 
in their own particular lines. Team-work, how- 


ever, as developed in industrial research, in- 
volves active and constructive leadership; and 
even where a suitable assortment of specialists 
is appointed to fairly small stations, they re- 
main in danger of pursuing largely individual 
courses, unless considerable care is taken in 
the integration of their work, the definition of 
a common aim and the scheduling of an 
agreed programme. 


The problems that arise in the development 
of a new country are usually outside the scope 
of a single specialist worker, and very often 
require co-operation of specialists from several 


' departments. It is in the co-operation between 
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departments that the greatest weakness lies. The 
formation of directing councils and commit- 
tees to co-ordinate research has the useful 
negative effect of preventing unplanned dupli- 
cation of work, and also the useful positive 
effect of allotting priorities and of ensuring 
that at least something is being done on the 
more urgent major problems. Such committee 
organisation does not, however, usually reach 
the stage of nominating specialists from a 
range of departments to co-operate on a par- 
ticular problem, although that may often be 
the only way to make rapid progress. For ad- 
ministrative reasons departments must have 
defined geographical boundaries; but for less 
cogent professional reasons there is often a 
tendency to a somewhat similar restriction to 
narrow departmental spheres of interest. A 
frequent comment, among scientific visitors 
from overseas, particularly among those from 
the U.S.A., is that for many of the problems 
of East Africa we have the necessary profes- 
sional skills, but they are not arranged to 
combine in the best manner to tackle specific 
problems. 


The rapid progress made possible by such a 
grouping of research workers has led to a re- 
markable growth of private-contract research 
institutes in the U.S.A. These new bodies not 
only provide facilities that individual indus- 
trial organisations could not afford, but they 
frequently supply balanced teams of research 
scientists to tackle problems for large con- 
cerns that already have their own laboratories 
and staff. Extra facilities and fresh view- 
points are sometimes needed even by the larger 
laboratories in order to accelerate progress. 
The sizes of some of the private-contract re- 
search institutes in the U.S.A. are, by our 
standards, quite astonishing. The largest is the 
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Batelle Memorial Institute, whose expenditure 
on contract research had, four years ago, 
reached $9,000,000 annually. This institute now ~ 
has a professionally qualified scientific staff 
of over 1,000 working in 48 research and ser- 
vice divisions, and it is already undertaking 
contracts in Europe. It is interesting and im- 
portant to note that a substantial number of 
research contracts are for fundamental studies. 
Having machinery to ensure rapid develop- 
ment and exploitation of any new knowledge, 
far-sighted industrial concerns are investing in 
basic as well as in applied research. By intelli- 
gent planning, even the very difficult problems 
of secrecy have been overcome, so that com- 
mercial organisation can be confident of reap- 
ing the initial benefits of new knowledge for 
whose development they have provided funds. 


Such co-operative work is perhaps more 
often applied to the solution of practical ‘prob- 
lems, one of which promises to be of immediate 
benefit to East Africa. The Utah Scientific 
Research Foundation followed up academic 
research by applying a team of engineers, 
physicists and agriculturalists to the develop- 
ment of an entirely new machine for the taking 
of deep sample cores of undisturbed soil’ They 
have kindly agreed to build such a machine for 
the East African Agriculture and Forestry 
Research Organisation at Muguga, and we 
hope to see it at work in East Africa by the 
end of this year on hydrology problems of 
catchment areas. 


Except where working on defence projects, 
research staffs of Government departments are 
free from all secrecy restrictions; and since all 
of their funds stem ultimately from the public 
purse, scientific work by teams drawn from 
different departments should, in theory, be 
easy to arrange. Sir William Slater, in his most 
instructive paper to the Nairobi Scientific and 
Philosophical Society last year on “The Organ- 
isation of Agricultural Research in the United 
Kingdom”, outlined the extent to which this 
method is now applied by the Agricultural 
Research Council. A discussion group is first 
convened in which all who may have some- 
thing useful to contribute survey the new field. 
Smaller problems are met by organised co- 
operation of specialists from a number of 
laboratories or stations. Larger tasks may in- 
volve the creation of new research centres. 


One group of East African problems which 
has proved to lie outside the scope of any 
single department has recently been attacked 
in this way by the pooling of resources from 
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the E.A. High Commission and a number of 
departments in all three territories. 


This set of problems arises in East Africa’s 
water catchment areas, where the effects of 
land-use changes on the flow of streams down 
to the lower and drier areas is a matter of 
urgent debate, on which we have remarkably 
little factual knowledge. The complexity and 
scale of these problems has, up to now, pre- 
cluded actual measurements. Many of these 
catchments are secure in the care of the Forest 
Departments, but the latter must know whether 
they can safely substitute profitable softwood 
plantations for the protective but less produc- 
tive cover, of indigenous forest. The large-scale 
Kikuyu Resettlement Scheme in the Aberdares 
raises this problem in serious form, and its 
solution involves hydrological engineers, who 
have facilities, equipment and experience in 
the measurement of stream flow; geologists, 
whose advice on the structure of underlying 
rock formations is essential; meteorologists to 
assess quantities of water involved in complex 
patterns of rainfall; and physicists to measure 
the fluctuating water storage in the deep porous 
soils of these catchments, and thus to relate 


_ rainfall input-to stream outflow. 


Tea plantations would be an even more pro- 
fitable use for some of these river-source areas, 
but the measurement of the effects on stream 
flow of introducing roads, factories, and a 
large human population involves some formid- 
able problems, and brings in agricultural skills 
of estate planning for both soil and water con- 
servation. With the co-operation of all these 
departments and of the tea industry, measure- 
ments of an experimentally planned land-use 
change of this nature are beginning near 
Kericho. : 


Where scarce and vital catchment areas are 
threatened by African peasant methods of land 
use, the creation of forest reserves often in- 
volves considerable difficulties. In these clashes 
of different public interests factual information 
for East African conditions is urgently needed. 
The recent creation of such a forest reserve in 
the Mbeya Range has afforded a most valuable 
opportunity to measure the changes in stream 
flow as the intensive cultivation of a very steep 


- hollow in the flank of the Mbeya Mountain is 


stopped. An adjoining forested valley, and a 
further steep cultivated valley are being mea- 
sured for comparison. Success in this type of 
problem, in addition to the overcoming of 
technical difficulties, depends critically on the 
active co-operation of the Administration, 
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whose appreciation of the need for factual 
information on this scale has been most 
encouraging. 


Perhaps the most difficult of all the technical 
problems of this nature is the control of 
grazing for the improvement of rainfall- 
infiltration rates in the vast semi-arid areas of 
East Africa. Here the alternation of violent 
rainstorms and of hot dry seasons exaggerates 
the mistakes of mankind, so that a few years of 
over-grazing give rise to spectacular soil erosion 
and desiccation. The Uganda Government is 
making a determined attempt to improve land- 
use under these conditions in the Karamoja 
District, and this affords the conditions for a 
_ fourth inter-departmental study which is still in 
the planning and reconnaissance stage. 


The Physics Division of E.A.A.F.R.O. is 
supplying the small nucleus of staff essential to 
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‘secure continuity and liaison, and to ensure 


timely and systematic study of the data won; 
but these large-scale experiments are essen- 
tially a matter of co-operation between depart- 
ments. At the Planning Conference on Catch- 
ment Area Research which was held at 
Muguga in June of this year, two High Com- 
mission and 12 Territorial Departments con- 
tributed some 36 officers, who are taking part 
in these studies, for a three-day discussion on 
methods and organisation. Staff and funds are 
being kept to the minimum, for all the depart- 
ments involved have other and more urgent 
commitments; but the resources already mus- 
tered are sufficient to achieve progress which 
would be quite impossible within any one 
department or organisation. 


H. C. PEREIRA 
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THE RATE OF GROWTH AND THE EFFICIENCY OF 
FOOD CONVERSION IN VARIOUS BREEDS OF 
POULTRY 


By M. H. French and Margaret A. Ledger, Joint Animal Industry Division of 
E.A.A.F.R.O. and E.A.V.R.O., Muguga, Kenya 


(Received for publication on 25th July, 1956) 


To state that pou'try grow at a certain rate 
and in doing so consume a given quantity of 
food is an almost certain means of stimulating 
argument and controversy. Both rate of growth 
and the economy of food utilisation vary with 
the level of feeding and with the standards of 
management and hygiene, even when food 
mixtures of ideal composition are fed. These 
variations are even larger when the rations are 
not properly designed or when diseases inter- 
. fere with health and appetite. With such a 
wide range of factors that can influence growth 
and economy of food utilisation, what is the 
object of adding further fuel to the arguments? 
The reason stems from the persistent interest 
of visitors to the Muguga research station and 
the desire to indicate what can be achieved 
under average local conditions. Unquestion- 
ably, better conditions of housing cou!d be 
provided and the chances of better results 
would thereby be increased. It is equally cer- 
tain that less careful attention and the use of 
inferior diets would reduce the efficiency. It is 
hoped, however, that by the records given 
more readers will be stimu‘ated to improve 
their husbandry conditions than will be induced 
to relax in complacency. 


Fig. 1 shows the average weight of North 
Holland Blue chicks at different ages. The 
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Fic. 1—Growth curve for North Holland Blue 


- FEMALES 
ot —_—_—— 


chicks were hatched in the United Kingdom — 
and were flown out as day-olds. As exalted 


prices were not paid, there is no reason to 


believe that they were not typical of what © 


might be purchased by an average farmer. 
They were housed in a brooder for eight to 
nine weeks and were later reared in open runs 
with a normal type of accommodation. Details 
are not given of the rations emp!oyed, because 
the mixture had no special advantages and 
conformed with British standards. Equally 
satisfactory diets can be compounded by any- 
one prepared to consult the recognised publica- 
tions. As the birds were reared under normal 
farm conditions, the figures are consequently 
below those which would have been obtained 
for intensively-fed birds reared for early 
slaughter in other parts of the world; but as 
Fig. 1 shows, the rates of growth of 
imported chicks of the North Holland Blue 
breed can be well up to average. 


Similar results were secured with Brown 
Leghorn (Fig. 2) chicks flown from England 
and reared in a comparable manner alongside 
the North Holland Blue. In both cases the 
results indicate that the Muguga conditions 
will permit normal development of chicks 
imported by air. At the time these breeds were 
being studied, a parallel test was made with 


Aylesbury ducklings and the results are shown 
Yb. 


5 FIG. 2 
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those hatched and reared entirely in a tem- 
perate area. This conclusion, however, does 


Se not automatically imply that the results with 
: the first and subsequent generations bred and 
AYLESBURY DUCKS reared locally from these imported birds will 


be equally satisfactory. 


During the collection of the above data, the 
opportunity was taken of assessing the vary- 
ing rate of food consumption per Ib. of live- 
weight increase. The results secured are pre- 


WEEKS 


Fic. 3.—Growth curve for Aylesbury Ducks 


in Fig. 3. Again the local development com- 
pared favourab!y with results in Europe and 
America. It was intended to make an identi- 
cal test with Roman geese, but the goslings 
did not arrive until they were three weeks old 
and two of the ganders were of the Chinese 
breed. The average resu’ts obtained are given 
in Fig. 4, and again the growth rates were 
satisfactory when judged by European stan- 
dards. 4 


At a subsequent date, day-old chicks of the 
_ Welsummer, Cambar and Legbar breeds were 
flown out from England. For these breeds it is WEEKS 
not so easy to secure data on their normal Fic. 4.—Growth curve for Geese 
rates of growth in temperate areas. The local 
results (Fig. 5) for the Welsummer can be 
regarded as average of what is achieved in 
such regions, but the rates of development of 
the Cambar and Legbar chicks were somewhat « 
retarded from about the twelfth week of age. 
This was probably the consequence of an out- WELSUMMER 
break of coccidiosis in week ten in both pens. 
The recorded resu'ts for these breeds are 
shown in Figs. 6 and 7. No data for cockerels 
are recorded for the Legbars because of the 
limited number of male chicks of this sex- 
linked breed that was ordered. 
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The resu’ts from these seven breeds of 
poultry can be taken as indicative of the 


_ equality in growth responses, under normal 4 8 12 6 20 24. 8 
farming conditions, of birds hatched in the wage 
United Kingdom and reared at Muguga and Fic. 5.—Growth curve for Welsummer 
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the North Holland Blue, Brown Leghorn, Wel- i: 
= oc summer and Cambar cocks weigh approxi- — 
mately 331b., 31b., and 33 1b. respectively, 
ie. when they are at the “fryer” and before 
they reach the “roaster” stages. 

Turning to Fig. 9, which gives comparable 
FEMALES = data for the quantities of food consumed per 
FIG. 8 
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sented in Figs. 8 and 9. All records were. made 
in the metric system and the results have been 
converted to pounds for the convenience of 
the farming community; but the employment 
of the former system has enhanced the 
accuracy of the data as only 100 chicks were 
available for each trial. A gross conversion 
rate of approximately 2 lb. of mixed food per 
1 1b. of liveweight increase in the early weeks 
of life was recorded for each of. the three 
breeds of chickens, but the quantity of food ' 
slowly increases until 14-16 weeks of age. 


CAMBAR 


WELSUMMER 


Thereafter the efficiency of food conversion 4 8 12 16 20 24 
decreased rapidly and the gross quantity of Fic. 8.—Pounds of food per pound of liveweight 
food required per lb. of liveweight increase increase at different ages 

rose at a more rapid rate. Obviously the re. 

profits would then be appreciably reduced. ~ 

From the earlier figures of liveweight increase ~° eo 


this change takes place when the weights of 40 


Ib. 
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_ Ib. of liveweight increase at different ages for 
the ducks and geese, it is at once apparent that 


the gross efficiency of food conversion changes 
even more sharply than observed above for 


_ chickens—after 13 weeks of age for Roman 


kept longer than necessary and that they are: 


geese and after 14 weeks of age for Aylesbury 
ducks—and then quickly reaches an un- 
economic level. In consequence, with such 
table birds it becomes even more important 
than with chickens to see that they are not 


well fed, in order to take advantage of their 


greater rates of liveweight increase; and that, 


having been we'l fed, they are marketed at not 
later than 13 weeks of age in order to obtain 
reasonable profits. 


SUMMARY 


1. Breeds of poultry, imported as day-olds can grow 
at Muguga (6,800 ft.) at rates which are very little 
different from those secured in temperate zones. 


: 2. The efficiency of food conversion for such birds 
is also little different from those reported from the 
temperate latitudes. 


3. The amount of food consumed per lb. of live- 
weight increase rises sharply from 14-16 weeks of age 
for the North Holland Blue, Brown Leghorn and 
Cambar and Welsummer breeds. 


4. For Aylesbury ducklings and Roman geese a 
decreased gross efficiency of food conversion com- 
mences at an earlier age than with chickens and 
suggests that ducklings should be sold when not older 
than 14 weeks and that well fed goslings are better 
sold when 12-13 weeks old. 


FLORA OF TROPICAL EAST AFRICA— 
CARYOPHYLLACEA* 

This mainly temperate-region family, Caryo- 
phyllacez, has been written up by Dr. W. B. 
Turrill, Keeper of the Herbarium and Library, 
Royal Botanic Gardens, Kew. In his treatment 
of it he has included the Illecebracee. 


A botanical description of the family is 
given together with keys to the sixteen genera 
and thirty-two species recorded in East Africa. 
These enable the reader to find out the genus 
and species with which he is dealing. 

Under each species the type specimens, when 
known, are indicated and the geographical 
range in East Africa and elsewhere is given. 


For each area quoted in East Africa, one or 


two collectors’ specimens are given. 
For fourteen of the sixteen genera described 


- there are full-page line drawings; Spergula 


arvensis L., “Corn Spurry”, and Melandrium, 
“Campions”, are, however, not illustrated, and 
those with no knowledge of botany or the 
European flora might have difficulty over these 
two genera. The two species described under 
Melandrium are endemics, the one to Elgon 
in Uganda and the other to Mt. Ololmoti in 
Tanganyika. 
During his investigations of the Caryo- 
phyllacee of Tropical East Africa Dr. Turrill 


had to name and describe six new species: 


from Uganda one, from Elgon; from Kenya 
three, one from the Northern Frontier Pro- 


- * Flora of Tropical East Africa, 
for the Colonies by the Crown Agents 
S.W.1; pp. 38, figs. 14, price Sh. 3. 
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vince and two from Kilifi district; from 
Tanganyika two, one from Lushoto district, 
the other from the Ufipa district. 

Introduced weeds are unfortunately not 
described, but are listed at the end of the 
family and the specimens seen quoted. They 
are: The Corn Cockle, Agrostemma githago 


-L. in Kenya; Vaccaria pyramidata Med. in 


Kenya; Night-flowering Campion, Melandrium 
noctiflorum (L.) Fr. in Uganda; Gypsophila 
elegans M. Bieb. in Tanganyika, and Annual 
Knawel, Scleranthus annus L. in Kenya. To 
quote Dr. Turrill, “It is desirable that the 
records of these should be published so that, 
if they spread, the approximate date of their 
introduction is known”. 


“The Caryophyllacee is provided with an 
index to all the species and their synonyms 
dealt with. 


Dr. Turrill and the artists, Mrs. O. Milne- 
Redhead, the Misses E. M. Stones, D. R. 
Thompson and A. V. Webster, are to be con- 
gratulated on the production of this well 
illustrated Flora, the selling price of which is 
only three shillings. This price bears no 
relationship to the work involved in producing 
it. It is another family completed and published 
of the many still yet to be done. It is obtain- 
able from all East African Government 
Printers and the Uganda Bookshop, P.O. Box 
145, Kampala, Uganda. 


P.J.G. 


Caryophyllacee; published under the authority of the Secretary of State 
for Oversea Governments and Administrations, 4 Millbank, London, 
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NOTES ON ANIMAL DISEASES eat 
XXVIII—SOME ASPECTS OF SHEEP MANAGEMENT 


Compiled by Department of Veterinary Services, Kenya 
(Received for publication on 20th June, 1956) 


The extension of mutton and wool produc- 
tion in the higher rainfall zones of the Colony 
is to be encouraged as a means of stabilising 
farm economy. The management of sheep 
demands close observation and a knowledge 
of their behaviour, and such knowledge is not 
possessed by all stock owners. This should not 
discourage farmers from keeping small flocks, 
and these notes are written for those who have 
not obtained wide experience of flock manage- 
ment. 


The percentage mortality of grade chece is 
high in many parts of Kenya. The figure may 
range from 5 per cent in some years to as 
much as 30 per cent in others. The reasons 
for mortality are varied and an exact diagnosis 
of the cause of death is not always easily 
made. Lung diseases and entero-toxaemia are 
recognised. as two of the more important 
causes. Bluetongue, Nairobi Sheep Disease, 
Heartwater and Rift Valley Fever* may cause 
considerable loss in certain years. Footrot and 
infestation with worms may not themselves 
cause death but may reduce the resistance 
of affected sheep sufficiently for them to 
become more susceptible to one of the dis- 
eases mentioned above. 


Careful flock management will reduce the 
rate of mortality and result in more profitable 
production. 


CHOICE OF BREED 


The choice of breed will depend upon 
personal taste and the situation, size and dev- 
elopment of the farm on which the sheep are 
to run. On larger farms in the lower rainfall 
areas of the Colony, grade Merinos have 
proved successful for wool production; while 
in the higher rainfall areas they are largely 
replaced by the Corriedale. In very wet areas 
the Romney is even more suitable for wool 
production that the Corriedale. 


For fat-lamb and mutton production in the 
higher rainfall areas short-wool breeds are the 
choice. These include the Dorset Horn and the 
Downs such as the Southdown Suffolk and 


Hampshire Down. Successful results are re- 
ported from crossing the Dorset Horn on 
Native sheep; and it is recommended that, in 
certain areas, good type native ewes should be 
put to a Down-breed ram, who will introduce 
the characters of early maturity and quality 
mutton. The choice of ram will depend on 
personal preference and availability, but, when 
possible, a breed possessing clean legs and 
face, such as the Suffolk, will assist flock 
management. 


It is difficult to advise a definite breed of 
sheep for a certain area. There is no such 
thing as the best breed. When establishing a 
flock the soundest course is to examine the 
breeds already established in the area and to 
start with one of these. 


BREEDING AND LAMBING 


In many parts of the Colony it is usual to 
run rams with the ewes for a limited period 
each year. This enables a careful check to be 
kept on the prolificacy of the ewes and ensures 
the maximum weight of lambs at weaning. 


On the Veterinary Experimental Station, 
Naivasha, ewes are not bred until they are 
24+ years old. One ram is then run with every 
25 mature ewes during June and Juv. This is 


-a season of good grass growth, which assists 


conception. For approximately one month 
prior to the mating (tupping) season, the 
rams are fed daily to ensure that thev are in 
vigorous’ condition when put with the ewes. 
During years of poor grass growth the: con- 
dition of the ewes is also improved by allow- 
ing them supplementary feed. 


For the first month, half the total number 
of rams are run with the ewes for three days 
at a time, while the others are rested. For 
the second month, half the total number of 
rams are in for a week at a time. Throughout 
the season the ewes are examined daily to 
ensure that they are clean in the genital region, 
and any fouled wool is clipped away. The 
rams are also examined to ensure that sores 


* For a full description of these diseases refer to “Notes on Animal Diseases’, XVIII, XIV, VI, VII, 
originally published in the East African Agricultural Journal. Reprints are obtainable from the > Department Of 


Veterinary Services, Kabete. 
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and burns do not develop around the pre- 
puce. Raddling, which consists of painting the 
chest of rams in order that they mark the 
ewes that have been served, is not adopted, 
because of the large number of rams used 
and the necessity to change them frequently in 
order to avoid the scalding referred to above. 


The lambing season commences at the end 
of October. In the middle of November when 
the lambs are approximately three weeks old, 
they are castrated, docked and ear-marked 
for year of birth. This procedure is repeated 
at two-weekly intervals until early January. At 
the same time any loose wool around the 
udders of ewes is removed to prevent the 
sucking lambs from nibbling it. 


In 1955, 94 per cent of the Experimental 
Station ewes that had been put to the rams 
gave birth to 222 lambs. Eight of these lambs 
died during the first 24 months of life and the 
final lambing percentage was reckoned to be 
92 per cent. This is a high lambing figure; in 
past years the lambing percentage had ranged 
from 65 per cent to 85 per cent. 


Since January, February and March may be 
periods of poor grazing, an experiment was 


conducted to determine the value of the sup- 
plementary feeding of ewes and lambs during 
this period. Each year the ewe flock was 
divided into three groups, A, B and C. If 
considered necessary, a supplement of up to 
2 lb. of lucerne hay was 2d daily to each 
ewe of group A and a similar amount of oat 
hay to group B. Group C received no supple- 
ment. Weaning occurred towards the end of 
April which allowed the ewes one month to 
recuperate before the next tupping season. 
The results are given in Table-I. 


The increase in liveweight of weaners as a 
result of feeding lucerne hay or oat hay is 
appreciable during a dry year such as 1954. 
It is believed that the use of supplementary 
feeds has increased wool yields and will enable 
ewes to be bred at 14-years old instead of 23. 


In the Rift Valley bottom, if lambing occurs 
in June or July, the risk of an epidemic of 
lamb diseases is great. But in other areas of 
the Colony this is the normal season for 
lambing. Some owners use two breeding 
seasons a year, in order that the ewes that did 
not conceive in the first season are given the 
opportunity to do so in the second season. 


TABLE [—THE Use oF SUPPLEMENTARY FEEDS 


Details 1953 1954 1955 
Groups .. “44 = ae A B A B (e B 
No. of lambs born, December 
and November... ee 30 30 34 65 65 65 74 72 76 

Average weight at birth lb. 7:4 17 73 78 pes) 9 | 7:4 8-4 7:9 

1954 ae hehe waa 
Groups .. ie A B A 
Supplement Bf = #3 L O |W, O x xX xX xX 
Date supplement. feed started. . 15-1-54 21-1-55 —- 
Average weight ae at att vs 25 24 27 27 29 27 — — 
Average daily L.W.I. per lam 

hance birth at . Ib. 37 °35 “36 “40 “41 +38 — — = 

Date supplement. feed com- 

picied and/or scree 23-4-54 15-455 244-56 
Average weight lambs at com- ‘ 

eon eadior wears isk =y/ 56 46 59 60 56 61 58 62 

i .W.I. per lam 

“CRs i A a lb. +33 +32 24 38 +39 “35 ‘40 37 “41 
Rainfall in inches: 1954 1955 ae 

January 0°66 1°74 

February 0°55 2°34 2°91 

March 0-06 0-64 3°25 

April 4-71 4°74 5°49 
Total four months 5°98 9°46 17°81 

Supplements : L = _ Lucerne hay. 
O7:= Oat hay. 
X = No supplementary feed. 


No supplementary feed was allowed in 1956 because of the excellent 


grazing available. 
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The actual time of the breeding season must 
be related to local conditions. With all but 
the smallest flocks the use of a limited period 
is recommended, in order that a large number 
of heavy weaners may be produced by co- 
inciding the onset of lambing with the 
optimum season for rearing lambs. 


PASTURE MANAGEMENT 


Sheep are selective grazers. They bite the 
grass and therefore prefer to graze a dense 
turf. They neglect coarse material. Sheep do 
best on spreading sto!oniferous grasses such as 
Kikuyu Grass. After grazing Star Grass they 
do not leave an even sward, tending to eat 
out the more palatable creeping strains and 
leaving upright strains to predominate. This 
may lead to the formation of areas which are 


liable to sheet erosion or on which are estab- — 


lished valueless grasses, such as Harpachne 
schimperi and Aristida. Oat grass and the 
tufted varieties of Pennisetum are not ideal 
grasses for sheep. 


Sheep benefit from frequent changes of 
grazing. The practice of closely confining them 
at night in small wire enclosures is not recom- 
mended. While guarded bomas are. effective 
in protecting sheep from attacks by vermin, 
the disadvantages are great. 


A trial was conducted on the Veterinary 
Experimental Station, Naivasha, from 1954 to 
1956, to observe the results of allowing ewes 
the run of a vermin-proof paddock at night, 
when compared with ewes maintained in close 
confinement in movable wire enclosures. Mr. 
Miles Fletcher of Ngobit, who runs grade 
Merino sheep, had noticed a _ considerable 
reduction in mortality and an increase in 
productivity as a result of the use of vermin- 
proof paddocks instead of night bomas. 
The fencing he advises is as follows: 


“Posts are 30 feet apart and there are 
three droppers to each space. Strainers are 
p.aced every 180 yards. Six strands of 124 
gauge steel wire support 5 feet 8 inches of 
3-inch mesh netting. Four inches of the 

- netting are laid as an apron on the ground 
and kept in place by stones”. 


At to-day’s prices such fencing might cost 
between £300-£400 per mile. Five wire fencing 
costs about £100 per mile. 


Similar vermin-proof fencing was used on 
the Experimental Station, Naivasha. Eighty 
ewes, aged approximately six months, were 
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ij 
~Percentage ewes lambing 86 
3 


divided into two equal lots, one lot being 
turned into a five-acre vermin-proof paddock 
at night, while the other lot was closely con- 
fined in two small movable wire enclosures. 
These enclosures were moved to fresh ground 
whenever they became foul. By day all the 
sheep were run as one unit. 


From the results given in Table II it will be 
noted that the ewes in paddocks gave a higher 


average fleece weight and higher liveweight — 


increases than those in bomas. The number 
of lamb deaths was lower in the paddocks 
than in the bomas, and lambs kept by night 


in paddocks gained faster to weaning than 


those in the bomas. 


TaBLE II—THE USE oF NIGHT Bomas AND 
PADDOCKS . 


Treatments | 
Paddocks 


No. of ewes at start, July, -1954 40 40 
pea weight per ewe, July, 
1954—approx. age _ six 
months < 1b. 47 47 
No. ewes at completion, April, 
1956 37 35 


Details 
Bomas 


Avera eS weight per ewe, April, 
1956—approx. age 27 
months M3 = lb. 84:0 78°8 
Average L.W.I. per ewe per 
wees July, 1954—April, 

Ib 


Average fleece weight of ewes Jb. 


No. lambs dying, bith to 
weaning... 
Average L.W.I. per lamb per 


day, birth to weaning (Jb. *30 28 


At no time during the 20-month trial did the 
condition of the paddocks deteriorate when 
compared to other paddocks forming part of 
the general rotation. The area over which the 
bomas were moved deteriorated considerably 
if it became too foul, and Heliotropium 
undulatifolium, a white-flowered weed, pre- 
dominated in the first growth. It became 
necessary to move the enclosures almost daily 
to avoid deterioration. When this was done, 
the improved growth and density of Naivasha 
Star Grass was appreciable. 


The construction of night paddocks and 
eventually day paddocks by the erection of 
vermin-proof fencing is strongly advocated. 
Steps must be taken to avoid sheep grazing 
over land that they have recently dunged. 
Their close confinement at night predisposes 
to lung diseases and worm infestation. 
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FEEDING 


Sheep owe their place in our farming 
economy to their capacity to make use of 
- grass; yet they have an important part to play 
in the utilisation of stubble grazing and forage 
crops. Kale and rape are two Brassica crops 
not only of value to sheep but also of use for 
creating a break in a cycle of cereal growing. 
Liveweight increases in excess of 14 lb. a 
week may be shown by wethers folded over 
rape. A simple method of folding is to fence 
off with wire netting a one-acre strip for each 
score of sheep. Every second or third day one 
fence is moved forward ten yards or more 
to allow a fresh bite. Alternatively it can be 
estimated that a wether will eat about two 
sq. yds. of root crops a day. If a fold of the 
necessary size is erected, it can be moved on to 
fresh land daily, the sheep returning to grass 
when the day’s portion of roots is finished. 
The possibility of poisoning is unlikely to 
occur unless large quantities of Brassica are 
allowed. 


The feeding of concentrates is only advised 
for rams prior to their breeding season, when 
up to 1 Ib. daily of any of the following is 
suitable: coarsely-milled maize, oats, lucerne 
hay, bran, barley or beans. The supplementary 
feeding of hay at the rate of 5-10 Ib. per 
week per ewe prior to mating is believed to 
assist conception. 


The use of a mineral supplement is advised 
on all farms. Salt is essential for the well-being 
of sheep and on the Veterinary Experimental 
Station, Naivasha, an average consumption of 
a third of an ounce daily has been recorded. 
During trials, which lasted nearly two years, 
36 ewes had free access to red oxide salt and 
38 ewes had access to a_ phosphorus-rich 
mineral supplement.* The results are shown 
in Table UI. 


Pasture samples were analysed during the 
period of the trial and at all times a good 
content of phosphorus’ was demonstrated. 
Despite this, ewes receiving the mineral supple- 
ment gave superior fleece weights and better 
liveweight gains than those receiving salt. 
Lambs receiving the supplement also did 
better. These favourable results may be attri- 
buted to the high phosphorus intake of the 
ewes and lambs. But in view of the good phos- 
phorus content of the pastures, it is believed 
that the trace elements in the mineral supple- 
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ment may have contributed to the superior 
results. 


TABLE III—THE USE oF A MINERAL 


SUPPLEMENT 
Treatments 
Details 
Mineral 
Supple- Salt 
ment 

No. of ewes ee ae ee 38 36 
Average weight per ewe—six 

months ov - Ib. 47 47 
Average weight per ewe—27 

months int eH Ib. 83-5 80-0 
Average L.W.I. per ewe per 

week, six—27 months Ib. 36 35 
Average fleece weight of ewes /b. eth 2; 
Average consumption per ewe 

daily, minerals or salt oz. +28 29 
Percentage ewes lambing =) 86 88 
Average birth weight of single 

lambs : ous Ib. et, es 
Average weaning weight of 

single lambs a6 lb. 56:7 55:5 
Average L.W.I. per day of single 

lambs, birth to weaning /b. +30 +29 


In areas of the Colony where the phos- 
phorus content of the grasses is known to be 
low, the use of bonemeal or a phosphorus-rich 
mineral supplement is suggested. The addition 
of the trace elements copper and cobalt must 
be made if a deficiency is believed to exist. 


FOOoTROT 


Complaints of sheep’s feet, often first 
noticed by lameness, constitute an important 
problem on many farms and may lead to 
debility and possibly death. Several types of 
footrot are recognised. Contagious footrot is 
caused by organisms which are capable of 
surviving for long periods in association with 
defective feet, thus forming the nucleus for 
widespread infection throughout the flock. A 
foot abscess may occur as the result of the 
damage caused by ticks clustering around the 
coronet and fetlock. Unduly wet conditions 
can predispose to foot complaints, because of 
deformities of hoof that may occur through 
lack of the soil abrasive action. Sheep’s feet 
must be frequently examined and, if any 
reddening of the skin between the digits is 
noticed, measures must be taken to prevent 
the spread of the condition. 


Any sheep suffering from footrot must be 
removed from the flock and _ isolated. 
Thorough surgical preparation of the foot is 
essential. All overgrown and undergrown horn 


po ee 
* Maclik-plus was kindly supplied for this work by Cooper, McDougall & Robertson (E.A.) Ltd. 
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should be trimmed off, taking care to remove 
the covering from hollow places underneath 
the sides of the hoof. Sharp knives and 
secateurs should be used for this, care being 
taken after use to immerse these instruments 
in a strong disinfectant solution. 


Various medicinal treatments for the 
affected area exist. A 5 per cent solution of 
formalin has proved most successful on the 


Veterinary Experimental Station, Naivasha, the 


affected foot being held in a jar of the 
solution for a few minutes daily. A 10 per 
cent solution of copper sulphate can also be 
recommended, Footrot preparations containing 


antibiotics are proving of considerable value. 


Chloromycetin Tincture* has resulted in the 
rapid cure of several cases of footrot in 
pedigree rams. 


Routine preventative measures must be 
adopted against the occurrence of footrot. 
During wet weather the feet should be exam- 
ined every two weeks and any overgrowth of 
the hoof removed. In dry weather it is still 
necessary to guard against the occurrence of 
deformed feet. After any overgrowth of horn 
has been removed, the sheep shou'd be passed 
into a foot-bath in which they are he!d for a 
few minutes. ° 


A 5 per cent to 10 per cent solution of 
copper sulphate is effective for use as a routine 
foot-bath fluid. Care must ‘be taken that it is 
not splashed over the fleeces as it will cause 
Serious staining. A 2 per cent solution of 
formalin is also recommended, as are any of 
the arsenic cattle-dipping fluids. Before passing 
through the foot-bath, sheep should be 
allowed free access to water. Afterwards, 
thorough drainage of the feet and legs must 
be allowed before the sheep are turned out to 
grass. 


WorM INFESTATION 


Infestation with worms will result if the 
parasites are allowed to accumulate in heavily 
grazed arvas. Worm larve persist in the moist 
areas so often found near watering points. 
The grazing around bomas, which are 
moved infrequently, will accumulate larve. 
Sheep must be moved frequently to fresh 
grazing and watering points, if a large build- 
up of worms is to be avoided. The nutritional 
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benefits associated with frequent changing will 
also assist sheep in withstanding the depreda- 
tions of worms. = 


s 


In Kenya the most common worms of sheep 
are the roundworms of the fourth stomach 
and small intestines, the hookworms of the 
latter part of the small intestine and the 
nodular worm of the large intestine. Tapeworm 
infestation may pass undetected; but consider- 
able losses in weaners and yearlings have been 
attributed to a heavy infestation. Liverfluke 
is a problem in certain areas.7 


A skilled shepherd can detect if his sheep 
are “wormy”, when he will use the correct 
drug for treatment. By submission of a 
feeces-sample for veterinary examination the 
parasites causing an infestation will be deter- 
mined and advice obtained for their elimina- 
tion. In many cases, however, it is usual to 
adopt a routine system of dosing. 


Different systems will be adopted in various 
parts of the Colony. On the Veterinary Experi- 
mental Station, Naivasha, the following is 
practised. At approximately three-months old 
all lambs are dosed with an arsenic, nicotine 
and copper-sulphate preparation, which is 
repeated after a month’s interval. A month 
later weaning occurs, and after a further four 
weeks they are dosed with phenothiazine. The 
lambs are then treated in a similar manner to 
the main flocks. 


Ewes are dosed with phenothiazine in mid- 
April and mid-May, during the lush grazing 
season, after which single dosing with the 
Veterinary Laboratories’ Wireworm Remedy is 
adopted at monthly intervals until mid- 
September. Dosing is then discontinued until 
the lambing season is finished in January, when 
double dosing with Wireworm Remedy is 
practised, fol!owed by single dosing in Feb- 
ruary and March. Wethers are treated in a 
simi‘ar fashion, except that the use of Wire- 
worm Remedy is continued from September to 
January. 


In areas where fluke infestation occurs steps 
must be taken for their control. Attention to 
drainage and the destruction of snails should 
be accompanied by dosing with the appropriate 
drugs. Be: 


* Chloromycetin Tincture 10 per cent Veterinary, 
Middlesex, England. 


kindly supplied by Parke, Davis & Co. Ltd., Hounslow, 


{ A full description of the diseases caused by these worms will be found in “Notes on Animal Diseases” 


XXI and XII originally published in the East A 
Department of Veterinary Services, Kabete. 


frican Agricultural Journal. Reprints are obtainable from the 
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VACCINATION 


The risk of disease will be reduced by atten- 
tion to feeding and management. Nevertheless 
prevention by immunisation is essential if the 
risk is to be reduced effectively. 


Temporary immunity against — entero- 
toxemia can be obtained by the use of 
antisera, and must be considered whenever an 
outbreak of the disease occurs; but an active 
immunity is desirable in flocks where the 
disease is likely to occur. This can be obtained 


in ewes by the inoculation of two doses of 


vaccine during pregnancy. The ewe then passes 
on to her lamb, by way of the colostrum, a 
temporary immunity. Since this colostral 
immunity only lasts a few weeks, the lambs 
should be vaccinated within their first few 
days of life and re-vaccinated six weeks later. 
The resulting immunity will provide protection 


for at least six months. Once a flock has been 
so treated, a single dose of vaccine will 
rapidly stimulate a very high level of im- 
munity. Treated ewes should therefore be re- 
vaccinated once, shortly before any future 
lambing seasons, and their lambs vaccinated as 
explained above. 


Preventative inoculation against Bluetongue 
is advisable in many areas. Annual vaccination 
affords a sure protection against a severe 
attack. Other vaccines are available for Sheep- 
pox, Rift Valley Fever and  Enzootic 
Pneumonia. 


Before vaccines are used the advice of the 


local Veterinary Surgeon or Livestock Officer 


should be obtained. Vaccines must not be 
used indiscriminately and their use must 
always be accompanied by special attention to 
management. 


REVIEW 


PROCEEDINGS OF THE BRITISH SOCIETY OF 
ANIMAL PRODUCTION, 1955, edited by I. L. 
Mason and G. Wiener. Obtainable from 
Oliver & Boyd, Tweeddale Court, Edin- 
burgh. Price Sh. 15. 


The 13 papers in this year’s Proceedings once 
more cover a whole range of subjects con- 
cerned with animal production, and many have 
a direct bearing on livestock improvement in 
East Africa. 


J. MacKay Doney describes some of the. 


problems of improving hill sheep and suggests 
that se'ection based on weaning weight gives 
the best single guide to later adaption and 
production. He also found the weights of the 
first wool clip to be of value in selection. 
Concerning management of sheep, Thompson 
and McDonald show that, when other things 
are equal, high birth weights due to good pre- 
natal feeding are correlated with higher 
weaning weights; whilst C. R. W. Spedding 
describes a system for. creep-grazing lambs 
that improves growth by controlling nematode 
infections. 

Two interesting papers on breeding cattle 
are those by Robertson and McArthur and by 
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Johansson, a Swedish worker. Robertson and 
McArthur have again demonstrated that only 
a small portion of the differences between 
herds is due to breeding, whilst Johansson has 
justified the practice of judging a bull by the 
results of his daughter’s first lactation yields. 
He shows that the heritability of heifer yields 
is higher than the heritabilities of either second 
or third lactations. 


Amongst the papers dealing with improving 
grassland there is one by D. S. MacLusky, who 
reports a new technique for estimating the 
grass consumed by grazing cows, It seems to 
give very promising results for use in future 
work. Bloat on a New Zealand pasture is dis- 
cussed by D. R. Bath, whilst Eyles and Alder 
give an interesting account of fattening pigs on 
pasture. 


The quality and scope of the papers in these 
Proceedings seem to increase each year; and 
once more they can be confidently recom- 
mended both to the research worker and to 
the progressive farmer. 


G.H.L. 
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RATOON STUNTING—A DEGENERATION DISEASE 
OF SUGAR CANE 


By F. M. L. Sheffield, East African Agriculture and Forestry Research Organisation, 
Muguga, Kenya 


(Received for publication on 14th September, 1956) 


Complaints have often been made that 
once popular varieties of vegetatively pro- 
pageted crop plants have “degenerated” or 
“run out”. Such deterioration has almost 
always ultimately been traced to infection 
with virus disease, Because of the propagation 
method, infection once acquired is carried on 
from generation to generation. During each 
season the crop is grown, the virus is spread 
to the remaining healthy plants by the agency 
of insects or by mechanical means, so that, 
in each succeeding generation, a greater and 
greater proportion of the “seed” taken from 
it is infected. In a few years, a once healthy 
variety can become 100 per cent infected. 


This has been happening in many countries 
to sugar cane varieties which have become 
infected with ratoon-stunting disease. For 
example, Co 281 has gradually deteriorated in 
Natal, the mean yield of late ratoon crops 
having dropped from 24 tons per acre in 1944 
to only 14 tons in 1952 (King, 1956). The 
virus causes no specific external symptoms 
apart from a general stunting, and such 
stunting could be due to a number of other 
causes. Germination of setts is retarded, and 
in drought infected plants wilt more rapidly 
than healthy. Although it has probably existed 
for a very long time, it is not surprising that 
the disease was not even guessed to be infecti- 
ous until 1945. Proof of its virus nature was 
not obtained until some years later (Steindl 
and Hughes, 1955). 


It is now known that infected plants often 
show characteristic internal symptoms (Steindl 
and Hughes, 1953). If a mature cane is cut 
longitudinally in a tangential plane about + in. 
from the surface, those vascular bundles which 
happen to be cut transversely may appear as 
small red dots or “commas”. The symptom is 
more frequent in the ratoon than in the plant 
crop and is absent from, or less marked, in 
plants not seriously affected by the disease. A 
general pink colouration may also be seen if 
the growing tip of a small shoot or sucker 
is cut lengthways. The absence of these 
symptoms does not imply that the plant. is 
of necessity healthy, and they are diagnostic 


of ratoon-stunting disease only in the absence 
of external symptoms of other diseases. 


The ratoon-stunting virus was first recog- 
nised in Australia, but has since been found 
in almost all the cane-growing countries of the 
world. This is not unexpected, as there had 
long been free interchange of varieties between 
countries, and until recent years the infection 
would have passed unsuspected through the 
quarantine of the importing country. The 
disease is known to be already widespread in 
Kenya, Tanganyika Territory and Uganda. 


- The virus can be transmitted mechanically; 
extracted juice remains infective for two days 
after drying up (Hughes, 1954) and retains 
some infective power when kept at room 
temperature for five days (King and Steindl, 
1953), or when diluted 10,000 times (Steindl 
and Hughes, 1955). The disease is thus certain 
to be spread on knives when the crop is 
harvested, unless special precautions are taken. 
Most plant viruses are in nature spread by 
insects, but no vector of ratoon-stunting 
disease is at present known: probably there 
has been little attempt to identify one because 
of the difficulties of this type of experimenta- 
fion with this virus in sugar cane. 


Hughes and Steindl (1955) have searched 
for alternative hosts of the virus. They failed 
to infect many of the species usually used as 
virus test- plants, such as tomato, Zinnia sp., 
Nicotiana glutinosa, tobacco, Emilia sonchi- 


. folia, vegetable marrow, and egg plant. They 
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also failed to infect oats and wheat and a 
range of sorghums and Sudan grasses. There is 
some suggestion that maize is susceptible, and 
it may well be found that some other grami- 
naceous plants can be infected. 


The virus has been detected in all the com-_ 


mercial cane varieties at present grown in 
Natal (Anon, 1956). Different varieties vary in 
the severity of the disease induced; but no 
immune or highly resistant varieties are 
known. In most varieties, the effect is far more 
marked in the ratoon than in the plant crop, 
although both are usually affected to some 
extent. In Q 28 the loss of yield may amount 
to over 60 per cent (Steindl and Hughes, 1955). 
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Experiments at Mount Edgecombe (King, 
1956) suggest that the yield of the plant crop 
of Co 331 is not depressed by infection, but 
no figures are yet available for the ratoon 
crop. Badila also is thought to be highly 
tolerant, as it has shown no degeneration in 
57 years’ cultivation in Australia (King, 1953). 
The danger of growing tolerant varieties 
should be emphasised; if they are not cleaned, 
they will serve as pools of infection when 
another variety is planted close by, and the 
latter may be highly susceptible. 


The virus can be inactivated in the setts by 
heat treatment (Steindl, 1952); but this treat- 
ment must be very accurately controlled, for 
the inactivation point of the virus is but little 
below the temperature at which the cane 
would be killed. Ranges of temperatures and 
periods of treatment have been tried by 
several workers in different countries. It is 
now usually recommended that the setts be 
treated for one and a half hours at 52° C or 
for two hours at 50° C submerged in a water 
bath, or for eight hours at 54° C in a moist 
atmosphere in an oven. Water-bath treatment 
is usually to be preferred because of the diffi- 
culty of maintaining constant temperatures for 
long periods. However, some varieties survive 
dry treatment better than wet (Knust, 1953) 
whilst others survive best in the water bath. 
Even with accurate temperature control, some 
workers have reported that a proportion of 
setts of some varieties are killed by the trea‘- 
ment. 

All varieties now imported into East Africa 
receive this treatment whilst in quarantine. 
Treatment upon arrival is often undesirable 
as the setts may have suffered from long 
journeys in bad conditions. They are therefore 
planted immediately upon arrival and are kept 
in closed quarantine in the glasshouses of the 
-B. A. Plant Quarantine Station at Muguga 
for at least one year. If no other disease is 
detected, canes are sent by the most rapid 
means available to the Kawanda Research 
Station in Uganda. Upon arrival, they are 
cut into setts of suitable length and are treated 
in a small thermostatically controlled water 
bath for one and a half hours at 52° C. A 
mercurial fungicide is either added to the 
bath or the setts are dipped into a solution 
immediately after treating. They are germi- 
nated in boxes and are then planted out in 
plots isolated from all other cane. Here they 
multiply for distribution locally and to Kenya 
and Tanganyika, whilst being held in open 
quarantine for a further year. This cane, when 
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released, will be free from all known virus 
diseases. 


The variety trials that have been done in the 
past are largely invalidated and those at pre- 
sent in progress in various parts of East Africa 
are of doubtful value, because most of the 
varieties under test are likely to be virus- 
infected. Now that setts can be freed from 
ratoon-stunting disease, new trials should be 
set up using clean “seed” of the older varieties 
as well as the newly imported ones. As the 
custom has been to import only two setts of 
each variety, it is possible that these were 
often infected when they arrived; consequently 
the variety never received a fair trial in East 
Africa. Varieties that were popular when first 
grown here and have since deteriorated should 
certainly be included in the new trials. 


Most of the large sugar-producing countries 
aré now taking steps to control the disease 
in the field, In Australia, setts are heat treated 
and healthy stocks are built up by the 
Cane Pest and Disease Control Boards 
and “under no circumstances will the planting 
of diseased cane be sanctioned once ample ~ 
clean cane is available’ (Mungomery, 1954). 
In other countries farmers are being encou- 
raged to produce their own clean “seed”. 
Large tanks are set up usually at the sugar 
factories, where steam is available for heating 
them. These must be provided with means for 
controlling the temperature and to cause 
adequate circulation of the water to prevent 
uneven heating. Setts should be loosely packed 
into wire baskets before immersion. Under 
these conditions the cure is seldom quite com- 
plete, and mortality of the setts is likely to be 
higher than when they are treated under 
laboratory conditions. The most suitable setts 
should therefore be selected for treatment and 
they must be given the best possible conditions 
for germination afterwards. Succulent shoots, 
top shoots from mature canes and also hard 
setts from the bases of old stalks should be 
avoided, as all are adversely affected. Buds 
and root eyes should be in good condition. 
Treatment renders setts particularly liable to 
fungus attack; they should therefore be dipped 
into a mercurial fungicide immediately after 
treatment, or, if the water is to be used for 
one batch of cane only, the fungicide can be 
added to the bath. Setts must not be closely 
stacked whilst hot, but should be rapidly 
cooled and planted as soon as possible. As 
treatment renders the buds very soft, setts 
must be carefully handled at all times. They 
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should be given the best possible soil condi- 
tions, with good tilth and adequate moisture, 
and the soil cover should be as slight as 
possible. 

It is not suggested that setts should be heat 
treated for all commercial plantings, but rather 
that growers should treat a little came every 
year and plant it in a fenced position isolated 
from all other cane. It can then be used as 
“seed” the following year. Clean cane should 
be planted on an “advancing front” across 
the estate. 


When clean cane is cut, either for “seed” or 
for harvest, knives must be first sterilised. It is 
also advisable to cut the outer rows first and 
to resterilise the knives before proceeding to 
inner rows. Boiling water or fire is most 
effective for this, but the former is incon- 
venient and the latter dangerous to use in the 
plantations. Disinfectants such as 3 per cent 
Jeyes fluid or 10 per cent Lysol have been 
recommended but none seems to be com- 
pletely effective if the knives are merely 
dipped. Possibly if they were scrubbed in the 
liquid to remove all particles of plant tissue, 
the sterilisation would be complete. It has 
recently been reported from Hawaii that com- 
mercial Clorox is better than 10 per cent 
Lysol. 


It is not expected that the disease will be 
completely eradicated from the existing largé 
estates in a country like East Africa, where 
many natives have half a dozen stools near 
their houses which will act as foci of infection. 
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However, if the grower continues to treat a 
little cane every year so that clean “seed” can 
always be used, a considerable control should 
be effected and losses from the disease should 
be almost negligible. Where it is contemplated 
opening up new areas to sugar cane, especial 
care should be taken to use only clean “seed”, 
and, if the supply is inadequate, the rapid 
multiplication method developed by Dr. H. 
Evans in Mauritius should be employed.* 


REFERENCES 

Anon. (1956). Ratoon-Stunting Disease: Statement by 
Experiment Station Committee. S. Afr. Sug. J., 
40, 357. : ; ; 

Hughes, C. G. (1954). Ratoon-Stunting Disease: 
Recent Investigations in Queensland. ibid. 38, 613. 

King, N. C. (1956). Ratoon-Stunting Disease in Natal. 
ibid. 40, 107. 

King, Norman J. (1953). The Ratoon-Stunting Disease 
Problem. Cane Gr. quart. Bull., 17, 10. 

King, Norman J. and Steindl, D. R. L. (1953). The 
Relationship ‘between Varietal Yield Deterioration 
and Ratoon-Stunting Disease. ibid. 17, 64. 

Knust, H. G. (1953). Notes on the Heat Treatment of 
Cane Plants at the Bundaberg Sugar Experiment 
Station. ibid. 17, 33. 

Mungomery, R. W. (1954). Clean Cane for combating 

Ratoon-Stunting Disease. ibid. 17, 92. 

Steindl, D. R. L. (1952), Proceedings Cane Pest and 
Disease Control Board’s Conference, Bundaberg. 

Steindl, D. R. L. and Hughes, C. G. (1953). Ratoon- 
Stunting Disease. Cane Gr. quart. Bull., 16, 80. 

Steindl, D. R. L. and Hughes, C. G. (1955). Ratoon- 
Stunting Disease of Sugar Cane.-Bureau of Sugar 


Experiment Stations. Technical Communications, 
No. 2 


* Details of Dr. Evans’s method can 
Box 21, Kikuyu. 


yk 


ae a 
be supplied in cyclostyled form from the Director, E.A.A.F.R.O., 


Ee 


i a ania ie ts 


eT 


se 


tel 


ee 


THE EAST AFRICAN AGRICULTURAL JOURNAL 


OCTOBER, 1956 


NITROGEN IN TROPICAL SOILS 


By J. W. Millbank, East African Agriculture and Forestry Research 
Organisation, Muguga, Kenya 


(Received for publication on 30th June, 1956) 


A conference of specialists was held on 25th 
April, 1956, at Muguga, to pool present know- 
ledge on this important aspect of soil fertility. 
Twelve papers were read and discussed; seven 
were concerned wholly or partly with the for- 
mation and accumulation of ammonia and 
nitrate in soil, either incubated in the labora- 
tory or under field conditions, and a few 
authors related conclusions drawn from 
laboratory experiments to observations in the 
field. The remainder of the papers covered a 
diversity of subjects, comprising comparative 
techniques in Kjeldahl soil-nitrogen determina- 
tions (J. B. D. Robinson, Coffee Research 
Station, Ruiru, Kenya); the movement of 
nitrate in soil (J. R. Simpson, Kawanda 
Research Station, Uganda); the C:N ratios of 
Tanganyika soils (B. Anderson, Department of 
_ Agriculture, Nachingwea, Tanganyika); nitro- 

gen in soils. under sisal, with various methods 
of cultivation (F. Leutenegger, Sisal Research 
Station, Mlingano, Tanganyika); the work of 
Scott Agricultural Laboratories Legume Inocu- 
Jation Service (R. M. Nattrass and R. A. Robin- 
son); a description and first reports of the use 
of a simple and efficient soil respirometer 
(H. F. Birch, E.A.A.F.R.O.); and a prelimi- 
nary report on the effect of histidine and 
methionine on the rate of nitrification in soil 
(P. R. Hesse, E.A.A.F.R.O.). 


ACCUMULATION OF NITRATE AND AMMONIA 
IN SOIL 


The importance of a thorough understand- 
ing of the conditions influencing this pheno- 
menon was reflected in the large number of 
papers read, representing intensive study of 
the process under widely varying soil and 
climatic conditions in all three territories. 


It was agreed that a major factor in the 
rate of nitrification (and hence, indirectly, 
other things being equal, the level of ammonia) 
is the moisture content of the soil. J. B. D. 
Robinson was able to show that in Kikuyu 
red loam nitrification will only proceed at 
moisture contents above the “wilting point” 
(21 per cent moisture) and that above this 
level, up to “field capacity”, nitrate formation 
and accumulation increases with moisture con- 
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tent. His observations were to a large extent 
confirmed in the fie!d, under coffee plants. 
E. A. Calder (Makerere College) also incubated 
soil at various moisture contents in an attempt 
to find the optimum for nitrification. Results 
are so far rather inconclusive but there is a 
possibility that 221 per cent is optimum. This 
aspect is also being investigated by J. R. 
Simpson in connection with capillary move- 
ment of soil nitrate. He finds that the rate of 
nitrification falls off very rapidly to zero ata 
moisture: content between seven and eight per 
cent. Other work, reported by E. A. Calton 
(Government Chemist, Dar es  Sa!‘aam), 
indicated that a moisture content of 35 per 
cent is required for maximum nitrification and 
25 per cent at least is essential. 


From these results several things emerge. It 
is clear that moisture content is a major 
influence, but the widely diverging reports of 
minimal /maximal requirements show that, for 
results to be comparable, it is necessary to 
determine the wilting point when investigating 
the minimal moisture requirements and degree 
of aeration when investigating the maximal. 
Clearly, a standard set of conditions of tem- 
perature, degree of aeration, moisture content, 
and period of incubation must be established, 
before rate of nitrification as measured under 
laboratory conditions can be of any compara- 
tive value. A standard method of measuring 
field capacity is also necessary; and Dr. 
Pereira (E.A.A.F.R.O.) described a simple and 
reproducible technique that cou!d well be con- 
sidered as a standard, Another aspect of the 
influence of agricultural practice on rate of 
nitrification is the effect of mulching. This has 
been investigated at, amongst other places, 
Kawanda in Uganda; and Arusha, Lyamungu, 
Urambo and Mlingano in Tanganyika. At 
Kawanda it was found some years ago that 
nitrate concentration was higher in exposed 
fallow soil, at all depths, than under a grass 
mulch. Observations at Arusha showed that 
nitrate concentration under mulches of maize 
stover or matting was very significantly less 
in unmulched soil. Furthermore, at 
Lyamungu, it was found that banana trash 
and guinea grass mulches did not increase 
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nitrate production. At Ruiru, with coffee soils, 
it was also found that mulching gave rise to a 
low concentration of nitrate. In an experiment 
carried out at the Sisal Research Station, 

Mlingano, it was found that nitrate produc- 
tion under grass mulch and in bare soil were 
not strikingly different, but that leaching was 
more pronounced under the mulch. With a 
paper mulch, leaching was reduced; but the 
level of nitrate was low, which was suggested 
as being due to consumption by micro-— 
organisms or denitrification, although no direct 

evidence was available.* 


It may be generally concluded that mulching 
does not have any beneficial effect in improv- 
ing the nitrate status of the soil, and in some 
cases may actually be detrimental. 


The results of the work at Kawanda initi- 
ated investigations to determine the import- 
ance of capillary movement of nitrate towards 
the surface during the dry season, and the 
results are awaited with great interest. J. R. 
Simpson described experiments with soil 
columns, which show that capillary movement 
of nitrate definitely takes place; further work 
to show the exact contribution of capillarity is 
in progress, together with studies using selec- 
tive bacterial poisons to eliminate the effect of 
varying moisture contents on nitrification. 


The effect of calcium-carbonate additions on 
the formation of nitrate has also been investi- 
gated and, generally speaking, an increase in 
the level of nitrate follows the addition. How- 
ever, in the continuously cropped plots of the 
“Kawanda nitrate experiment” J. R. Simpson 
found that the addition of calcium carbonate 
had no effect on nitrate production, and gave 
rise to an accumulation of ammonia. In a 
newly opened nursery soil the effect was to 
enhance nitrification considerably. This shows 
that the effect of the lime is not due entirely 
to its effect on pH. It may well be that in the 
continuously-cropped soil the microbial popu- 
lation has become altered considerably, and 
addition of lime causes a modified breakdown 
of organic matter, with an increased forma- 
tion of ammonia. B. Butters (Scott Agricultural 
Labs., Nairobi) has also shown that with cer- 
tain acid soils addition of calcium carbonate 
markedly increases nitrate formation. Similar 
results have been obtained with soils with a 
reaction nearer to neutrality. It is possible that 
one of the effects of the calcium carbonate is 
to provide the alkaline solid surface which has 


OCTOBER, 1956 — 


been shown to be essential for the growth of 
nitrifiers. 


MEASUREMENTS OF TOTAL CARBON AND 
NITROGEN AND DETERMINATION OF C:N RATIO 


Numerous determinations of carbon and 
nitrogen have been made in widely varying 
tropical soil types; Dr. Simpson considers that, 
on the whole, the total N. status of a soil is 
not related to nitrate formation in that soil. 
The climatic conditions, in affecting the type 
of organic matter, may be the more important 
factor. This aspect is to be investigated fur- 
ther, with the object of correlating rate of 
nitrification with type of organic material. 

Anderson, on the other hand, considers that 
the nitrogen levels are controlled by a “zonal 
feature” and not the degree of leaching and 
type of vegetation. 


It is generally agreed that high C:N ratios 
are usually correlated with a good crop 


response to nitrogen fertiliser dressings and 


vice versa, although Dr. Leutenegger bas found 
that ammonium sulphate is ineffective on sisal 
and has a marked deleterious effect on the soil 
structure and pH at the location tried. Sodium 
nitrate is much superior. If the C:N ratio 
becomes very large and the total nitrogen con- 
tent very low (0.10 per cent), the soil is often 
too deficient in other essential nutrients to give 
a response to nitrogenous fertilisers. 

THE Scotr AGRICULTURAL LABORATORIES 
LEGUME INOCULATION SERVICE 


Dr. Nattrass and Mr. R. A. Robinson gave 
an account of the pioneering work on the 
S.A.L. in the isolation and distribution of 
Rhizobia inocula in East Africa. At present, 
300-400 orders per annum for cultures are 
received; approximately 35 strains are avail- 
able and the ideal is to have 50-100 strains, 
one for each species of economically import- 
ant legume. A special apparatus has been 
designed to enable sand cultures of inocu‘ated 
legumes to be “watered” 
experiments to test for nodulation are practi- 
cally valueless due to dust contamination. As 
yet, there are no figures available for the 
amounts of nitrogen fixed by the strains of 
bacteria supplied, and there are not sufficient 
staff or facilities to embark on large scale 
cross-inoculation tests. Information on these 
aspects is urgently needed, to enable the 
maximum benefit to be obtained from the 
available strains of Rhizobium. 


* A full account of the work at Mlingano will be found elsewhere in this number. 
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Soi RESPIROMETER 


Dr. H. F. Birch described a simp'e and 
inexpensive respirometer for following gas 
exchanges in soils over long or short periods. 
The apparatus has been used for following the 
microbial activity associated with the drying 
and remoistening of soils. The results confirm 

observations made by several authors up to 

40 years ago; but Dr. Birch has extended the 
old observation that heating of soil renders 
_ organic material available for microbiological 
attack, by demonstrating that the burst of 
microbiological activity can be repeated time 
and time again on the same soil by repeated 
drying and remoistening, and that agricultur- 
ally significant amounts of organic matter are 
evidently released on each drying-moistening 
cycle, Although there is no direct evidence, it 
is considered that the explanation of the 
phenomenon is due to the “trapping” of oxidis- 
able organic material by the clay lattice, which 
can protect it against microbial attack. On 
drying, some of this material is released and 
remoistening enables the micro-organisms to 
attack some of it before it is all readsorbed. 
The amount of gas exchange resulting from 
any period of drying is dependent upon both 
the rapidity and vigour of bacterial action on 
the one hand and the clay’s capacity to re- 
adsorb on the other. 


THE USE OF VARIOUS CATALYST MIXTURES IN 
KJELDAHL ESTIMATIONS OF TOTAL SOIL 
NITROGEN 


Mr. J. B. D. Robinson described an investi- 
gation into the efficiency of the different cata- 
lyst mixtures commonly used in Kjeldahl deter- 
minations. He showed that catalysts differed 
both in their consistency and in the level of 
N estimated, the most consistent method (that 
of the A.O.A.C.) not giving the highest figure 


of total N. However, when a range of soils 
was used, all the catalysts placed them in the 
same order of increasing N content. Probably 
it would be desirable to standardise one tech- 
nique, the most consistent. It was stated, too, 
that oven-drying of soil tends to give high 
figures for total N. It is suggested therefore 
that the pre-treatment (if any) that the soil 
has received should be stated in all future 
reports, together with the catalyst mixture 
used. 


THe EFFECT OF CERTAIN AMINO-ACIDS ON 
NITRIFICATION 


Dr. P. R. Hesse reported some preliminary 
studies on the content of histidine and methio- 
nine in East African plants. These amino-acids 
are know to be of general occurrence in plants 
and Dr. Hesse showed them to be present in 
considerable quantities in wattle leaves and 
Kikuyu grass. Soi!s containing extracts of 
these p!ants had a very low rate of nitrification 
as measured in a Lees-Quastel soil percolator; 
and it may well be that the known inhibitory 
effect of these amino-acids on nitrification is 
the cause of the low rates observed in soil 
after cropping with elephant grass or Pas- 
palum. 


CONCLUSIONS 


From the foregoing it is clear that much 
attention is being paid to the conditions 
influencing the rate of mineralisation of nitro- 
gen and to capillary movement of nitrate. 
Much of this work would be of enhanced 
value if standardised conditions of incubation 
and for the determination of “field moisture 
capacity” were adopted throughout, and details 
given of the wilting point and degree of aera- 
tion of the soils used. 


REVIEWS IN BRIEF 


HyDROPONICS: 


THE BENGAL SysTEM, by J. 


Sholto Douglas, published by the Oxford 
University Press, London: Cumberlege. 


1955, price 12s. 6d. Second edition. 


The first edition of this book was reviewed 
in this Journal, July, 1955, page 19. A few 
additions have been made to the text of the 
second edition, including a discussion of 
further developments that have occurred during 
the past five years. 
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THE INFLUENCE OF FERTILISERS AND MANURE 
ON THE pH REACTION OF A COFFEE SOIL 


By J. B. D. Robinson, Coffee Research Station, Department of Agriculture, Kenya 


(Received for publication on 5th July, 1956) 


During the course of soil-nitrogen studies 
on the Kikuyu red loam soils at the Coffee 
Research Station, Ruiru, it has become appa- 
rent that the soil pH reaction is being influ- 
enced very appreciably by treatments applied 
in the manurial trials on the Station. A short- 
term investigation was undertaken to examine 
the effects of various manurial treatments on 
the soil pH reaction, with particular reference 
to the use of ammonium sulphate fertiliser 
and to the question of the position of applica- 
tion in relation to the coffee tree. 


It has long been generally recognised that 
the application of ammonium sulphate fertiliser 
will increase the degree of soil acidity, relative 
to the original soil pH value [1] [2] [3]. Values. 
obtained for the Kikuyu red loam coffee soil 
(a deep, free-draining lateritic soil developed 
over sheet lava, containing 55 per cent to 65 
per cent clay fraction) suggest that the conti- 
nued regular use of this fertiliser may produce 
extremely acid topsoil conditions, which would 
be indirectly harmful to the nutrition of the 
coffee tree. Data are also presented here. for 
soil samples collected from plots that have 
received regular dressings of double super- 
phosphate fertiliser and cattle manure. 


METHODS 


Soil samples were taken in 1954 from plots 
in two factorial manurial trials in which 
ammonium sulphate is the fertiliser source 
of nitrogen. In the first (N) trial, topsoil 
samples (0O—6 in.) were taken between four 
mature coffee trees planted 10 ft. x 10 ft. 
On the square, at intervals from the base of 
the trunk of one tree to the centre of the 
square where the diagonals intersect. Duplicate 
sets of topsoil samples were taken from treat- 
ment replications in the field trial. The coffee 
in this trial is mature Arabica pruned on the 
multiple-stem system. 


Topsoil samples (0—6 in.) were also taken 
in a similar manner from plots in a second 
factorial trial, where high rates of ammonium 
sulphate, double superphosphate and cattle 
manure are applied annually (N.P.C. trial). 
Subsequently, samples were taken in this trial 
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at 6-in. vertical intervals, to a depth of 24 in., 
to examine the effect of the manurial treat- 


ments on the soil pH values down the profile. — 


When these samples were taken, the number 
of sampling points at intervals along the hori- 
zontal distance from the base of the tree were 
reduced after a consideration of the results 
obtained with the first set of topsoil samples. 
The coffee in this trial is also mature Arabica 
planted 10 ft. x 10 ft. square but it is pruned 
on the single-stem system. 


All soil samples were air dried in the labora- 
tory, ground to pass a 2 mm. round-hole 
sieve, and stored in glass. bottles for a short 
period prior to the determination of the pH 
value. In the early work a 1 : 5, air-dry soil: 
water, ratio was used when preparing the 
samples for pH determination; but later, with 


the soil samples taken from plots in the second — 
M/100 


trial, the water was replaced by 
Calcium chloride solution [4], in order that the 


influence of any residual soluble fertiliser 


salts present in the soils might be minimised. 
The analysis of each soil sample was made in 
duplicate with a glass-eléectrode pH meter. 


RESULTS 
N. Trial: 


Topsoil samples-were collected from plots 
that had received no ammonium sulphate 
fertiliser (control N,), 4 cwt. per acre of 
ammonium sulphate applied all in the long 
rains each year (N,LR), 4 cwt. per acre 
applied all in the short rains each year 
(N,SR) and 2 cwt. per acre applied in 
each of the long and the short rains (N,S), 
for three years (1952-1954) prior to the time 
of sampling. During 1947-1951 inclusive, 
annual dressings of ammonium sulphate at the 
rate of 2 cwt. per acre had been applied to 
the N,LR, N,SR, and N,S plots in each long 
rains. 


Mean data for the interaction of treat- 
ment x horizontal distance from the tree base 
are presented in Fig. 1. In Table I the mean 
overall effects of different manurial treatments 


are given for both this and the second (N.P.C.) 
trial. 
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The graphs in Fig. 1 illustrate the decrease N.P.C. Trial: 

in topsoil pH values brought about by the The second series of topsoil samples were 
application of ammonium sulphate fertiliser taken from plots in which the annual treat- 
at distances between 18 in. to 36 in. from the ments are control [1], 4 cwt. per acre of 
tree base. This effect is the result of applying ammonium sulphate (N.), 2 cwt. per acre of 
the fertiliser in a band to a limited soil surface double superphosphate, 42% P.O,(P), and four 
area around the tree, in the region of the drip debes of cattle manure per tree, i.e. approxi- 
circle. The main effects in Table I for the mately 14 tons per acre (C). Prior to the time 
N. trial plot samples show overall significant of sampling in June, 1954, these plots had 
decreases of soil pH except with the N,SR received five annual treatment applications. 
treatment. A consideration of the graph Sampling of the topsoil was carried out as 
(Fig. 1) for the N,SR interaction of treatment before and in addition samples were also 
x distance from the tree base shows that in taken to a depth of 24 in. Two field treatment 
fact this treatment has lowered the soil pH replications were sampled. 

value where the fertiliser application was made In Fig. 2 the mean resu‘ts of the treatment 
to the soil surface, and the overall mean value x horizontal distance from the tree base 
obtained for all the sampling points from the intéraction are given; the mean overall treat- 


tree base masks this effect. ment effects are noted in Table I (Column A). 

Fic. 1—Influence of ammonium sulphate Fic. 2—Influence of manurial treatments on 
fertiliser on topsoil (0-6”) pH values. topsoil (0-6”) pH values. Treatment 
Treatment xX distance from _ tree x distance from three interaction 
interaction figures. (Means of 2.) figures. (Means of 2.) 
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TABLE I.—MAIN EFFECTS OF MANURIAL TREATMENTS ON THE soIL pH VALUES FOR THE 
N. AND THE N.P.C, TRIALS 


N. TRIAL* N.P.C. TRIALT 
ees pH Values pH Values 
Manurial Treatments (Means Manurial Treatments 
| of 20) : A B 
, 2 ae Rs eee ae SME Nee ee 
een ec niy6:27 0)(1) Control... | 5°38 Ps 17 
N4LR .. o, os a 5:89 N. fi Fi we 4:99 | 5:29 
INGSRe <3): Se - Ae. 6:08 P. Le o - nF 5:47 5:00 
eee SRS CC 5-89 | 5-24 
L.S.D.’s ¥ ne ae 0229". L.S: Dis as a3 fe 0:16* 0:15* 
_ 0:40** iis 0:22** 0-20** 
NOoTEs.— 


*—1:5, soil : water mixture; 

t=1:5, soil: M/100 CaCl12 mixture. 

A= Ist set of topsoil samples (0-6 inches). (Means of 20). 

B=2nd set of profile samples taken at 6-inch vertical intervals to 2 feet. (Means of 32). 
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The ammonium sulphate fertiliser treatment 
has again reduced the topsoil pH values very 
appreciably, but this time at distances between 
30 in. to 48 in. from the tree base. This posi- 
tional difference, in comparison with Fig. 1, 
represents the influence of the single- versus 
the multiple-stem pruning system on the posi- 
tion of fertiliser application. The low skirt and 
trailing primaries of trees pruned in the 
former manner prevent the fertiliser from 
being distributed over the soil surface as close 
up to the tree trunk as with the multiple-stem 
pruning system. The general treatment mean 
results in Table I are in agreement with the 
interaction effects. 


The application of the cattle manure has 
raised the topsoil pH reaction significantly, 
but the double superphosphate fertiliser treat- 
ment has produced no significant effect. . 


Fic. 3—Influence of manurial treatments on 
soil pH values down the profile. 
Treatment xX soil sample depth inter- 
action figures. (Means of 8.) - 


6.5 


6.0 


5.5 


5.0 


N = Ammonium Sulphate. 
P = Double Superphosphate. 
C = Cattle'Manure. 


45 


L.S.D. (5%) = 0.29 pH unit. 


pH values (1:5, soil: M/199 CaCl2 ratio). 


0 
0-6 6-12, 


12-18 


18-24 


Soil sample depth (inches) 
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In Fig. 3 mean results are shown-for the 
interaction effects of treatment Xx soil sample 
depth for all the sampling points along a 
horizontal line from the tree base. (As pre- 
viously stated, the number of sampling points 
was reduced from ten to four.) The mean 
effects of the treatments are given in Table I 
(Column B) and when considering these 
values it should be realised that they are 
general means over the four sample depths 
and four horizontal sampling intervals for 
each treatment. No treatment mean is signifi- 
cantly different from the control at the 1 per 
cent level. 


The results in Fig. 3 show that the 
increased degree of soil acidity resulting from 
the regular application of ammonium sulphate 
fertiliser is confined to the first six inches of 
the topsoil, and that there is a tendency for 
the pH reaction to increase at the 6-in. to 
12-in. soil sample depth, presumably as the 
result of base readsorption on to the soil 
colloids. The decrease in soil pH reaction 
brought about by the double superphosphate 
fertiliser would appear to be more drastic 
than that due to the use of ammonium sul- 
phate, in that a significant effect extends to 
the 6-in. to 12-in. soil sample depth and there 
has been a probable influence in the 12-in. to 
18-in. soil sample. Cattle manure on the other 


hand, has raised the pH reaction of the first. 


six inches of the topsoil but has had no other 
apparent effects at greater depth. 


A comparison of the results obtained with 
the soil samples from the second manurial 
trial using water or M/100 CaCl, in 1 : 5, 
soil liquid mixtures is given in Table II. 
Results obtained with the M/100 CaCl, re- 
agent on the samples are closer to those 
pertaining in the soil solution under field con- 
ditions [5] and on the basis of Schofield and 
Taylor’s work [6] will be influenced to a lesser 
degree by free salts, i.e fertiliser residues, 


TABLE I1.—Som. pH VALUES OBTAINED WITH(a) SOIL: WATER AND(5) SomL: M/j99 CaClo 


‘ 
‘ 
. 
a 
P 
f 
= 
= 


anew ( 


=e ‘isha dite 


‘MIXTURES 
Sample Depth Manurial Treatment (Means of 8) 

(1) N. P. C. 

: 2) b a b a b a b 
0-6 inches . a 6°68 5:64 6:27 5:39 6:12 5-19 6:94 5:92 
one inches we 6:27 5:17 6:53 5:56 5:64 4-83 5:98 5:14 
ep inches 5:92 4-93 6:09 5:12 5°53 4:83 5:75 4-96 
18-24 inches 5:89 4-94 5-93 5-12 5:89 5:18 6:62 4:96 


L.S.D.’s  a=0-32*;0-42**, — =0-30*: 0-40**. 
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which may have been present in the soil at 
the time of sampling. 


Small variations between samples taken 
from adjacent depths down the soil profile 
~ occur with the different reagent solutions 
used in the determinations, i.e. water or 
M/100 CaCl,. Generally, the main trends are 
the same for a given treatment whichever 
method is used to determine the soil pH 
value; and this is particularly interesting in 
reference to the figures for the 6-in. to 12-in. 
soil sample under the ammonium sulphate 
fertiliser treatment, and the whole depth 
sequence under the double superphosphate 
fertiliser treatment. 


DISCUSSION 


The recommended rate of ammonium sul- 
phate fertiliser application to coffee grown in 
the area East of the Rift Valley in Kenya, is 
2 to 4 cwt. per acre per annum. The influence 
of this fertiliser on the topsoil pH reaction has 
been severe in the samples taken in two 
manurial trials for this investigation. It would 
appear from the ammonium sulphate curve 
in Fig. 3 that the exchangeable bases that 
have been displaced from the immediate top- 
soil have subsequently been readsorbed on to 
the soil colloidal material slightly deeper 
down the profile. Repeated annual applica- 
tions to a restricted, circular, soil surface area 
in the region of the tree canopy is not to be 
recommended, and the fertiliser should be 
broadcast over as large a soil surface area as 
possible. In practice, the presence of mulch 
in the alternate inter-row frequently means 
that ammonium sulphate fertiliser dressings 
are also alternated annually, but the same 
general consideration applies. Whilst decreases 
in topsoil pH reaction of the order recorded 
here may not have an _ obvious detri- 
mental effect on production from a tree 
crop like coffee, with its deep root system, 
over a relatively short period of time, this 
may not be the case on the Kikuyu red loam 
where some types of annual crops with 
shallow and/or limited root systems are 
grown. It is pertinent at this point to note 
some of the results found by Dougall, in 
Kenya, who has recorded data to show the 
effect of ammonium sulphate fertiliser appli- 
cation on the pH value of topsoil samples 
over a single growing season (grass ley, single 
fertiliser application) and after three dressings 
had been applied to permanent grassland [7]. 
He also gives figures obtained from a single 
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year’s experiment on a Kitale coarse sandy 
loam soil; after this period he found a sub- 
stantial increase in the degree of soil acidity 
following the application of ammonium sul- 
phate at the rates of 90 Ib. and 180 lb. per 
acre [8]. He also considers briefly the possible 
relationship, with particular reference to a 
grass crop, between ammonium sulphate ferti- 
liser, phosphorus requirements and soil acidity. 


It would seem to the writer to be a matter 
of importance that an alternative type of 
fertiliser (or fertilisers) should be introduced 
to the coffee industry which, whilst as effective 
as ammonium sulphate for the supply of nitro- 
gen, will not lower the soil pH reaction to 
such an extent. Possible alternative ways of 
approaching this problem are the use of either 
a nitrogenous fertiliser or mixture of fertilisers 
that will have little or no influence on the soil 
pH reaction, e.g. urea fertiliser or a mixture of 
approximately 75 parts ammonium sulphate 
and 25 parts sodium nitrate [9], or a fertiliser 
which contains some degree of lime equivalent 
to balance the acidifying power of the nitro- 
gen-carrying portion. Periodic correction of 
fertiliser-induced soil acidity with reasonable 
lime applications is a further possibility. Of 
these alternatives the first is probably prefer- 
able but,.in the case of mixtures, is not always 
practical. As far as the coffee industry is con- 
cerned, the use of urea fertiliser is to be con- 
sidered as an attractive alternative to ammo- 
nium sulphate. With the continued use of 
ammonium sulphate fertiliser and the con- 
sequent decrease of the soil pH reaction, parti- 
cularly on red lateritic soil types, the condi- 
tion and utilisation of available phosphorus 
will be an ever-present problem. 


The effect that regular heavy applications of 
double superphosphate fertiliser have had on 
the soil pH reaction also seems important. The 
figures presented here suggest that the influ- 
ence of this material is effective to a greater 
depth in the soil profile than that of the 
ammonium sulphate. It is possible that this is 
the soil reaction to the hydrogen-ion content of 
this fertiliser; but this would not seem to be 
altogether in agreement with the results of 
Pierre’s work [10], which showed that a mildly 
acid effect on the soil resulted after the appli- 
cation of superphosphate materials but that the 
degree of this influence was dependant upon 
the initial soil pH. Working with mono- and 
di-ca!cium phosphates, Pierre found a residual 
basic reaction on a soil with an initial pH of 
4.28, but an acidic reaction on a soil with an 
initial pH of 5.63 or 6.40. However, since the 
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mean interaction difference between the figures 
for the control and double superphosphate 
treatments given here are only significant at 
the 5 per cent level (Fig. 3), and as the results 
in Fig. 2 for the topsoils samples show no 
significant interaction differences, the apparent 
effect of this treatment on the soil pH changes 
with depth may, in fact, be a chance result 
only. 


Little comment is required concerning the 
effect of cattle manure on the topsoil pH re- 
action, as the increase brought about through 
base addition to topsoils is generally well 
known. These results do suggest that the appli- 
cation of this material to as large a soil-surface 
area as possible would be preferable to re- 
peated applications in a narrow band around 
the coffee tree, so that the benefits can be 
carried to the whole of the horizontal root 
system. 


SUMMARY AND CONCLUSIONS 


1. Data are presented for soil pH reactions, 
which show that regular annual dressings of 
ammonium sulphate fertiliser to a Kikuyu red 
loam soil bring about a substantial decrease 
in the topsoil pH value in a very short time. 


2. The effect of ammonium sulphate ferti- 
liser on the topsoil (O—6 in.) pH values is 
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exaggerated unduly when it is applied in a 
circular band of limited width around each 
tree individually. 

3. Double superphosphate fertiliser is also 
shown, in one set of data, to have reduced the 
pH values of this soil through the profile to a 


depth of 12 or 18 in. 


4. Regular cattle manure applications have 
raised the topsoil pH reaction. 


5. The application of fertilisers and manure 
in a restricted band around the coffee tree is 
not an advisable practice, and ammonium sul- 
phate in particular should be broadcast over 
as wide a’soil-surface area as possible, within 
range of the horizontal root system of the tree. 
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CHANGES IN THE AMMONIA AND NITRATE CONTENTS 
OF A TROPICAL RED LOAM AS INFLUENCED BY 
MANURING AND MULCHING DURING A PERIOD 
OF ONE YEAR 


By F. Leutenegger, Tanganyika Sisal Growers’ Association Research Station, 
Mlingano, Tanganyika 


(Received for publication on 7th March, 1956) 


During the last few years it has been 
reported that nitrates accumulate much more 
under a bare soil surface than under shade or 
mulches [1] [2] [3]. Resu‘ts have also been 
published of field trials where maize did not 
respond to mulches, and this was attributed 
to a lower rate of nitrate production under 
a mulch [4]. On the other hand it is genera‘ly 
accepted and, furthermore, has been demon- 
strated, that soil moisture is best conserved 
under a mu'ch [5] [6], thereby providing better 
conditions for a growing crop as well as 
favouring biological activity in the soil. This 
ought to result in a higher nitrate production. 


A field trial to elucidate this question of 
nitrate formation was started in August, 1953, 
at the Sisal Research Station at Mlingano. The 
soil of the trial site is a tropical red loam 
derived from gneiss residues, having a total 
nitrogen content averaging 0.241 per cent. The 
original vegetation of evergreen forest had been 
rep'aced some 50 years ago with Ceara rubber, 
which had remained derelict for many years. 
This secondary growth was cleared about 10 
years ago and the land was then left to a 
grass vegetation, consisting mainly of Ukoka 
grass (Panicum trichocladum). 


At the commencement the trial area was 
cleaned with hoes and the grass was carried 
off. The soil was not tilled and no crops were 
planted. A 3 x 2 x 2 factorial design was 
used and the treatments were as follows: 

(i) bare soil; 

(ii) guinea grass mulch (Panicum maximum) 

about 5 cm. thick; 

(iii) “sisalkraft” paper; 

each with and without nitrogen, as 
one ton of sulphate of ammonia per 
hectare, and also with and without lime, 
as one ton of ground limestone per 
hectare. 

To avoid losses of ammonia through vola- 
tilisation, the lime was added four days after 
the sulphate of ammonia, when the latter had 
been washed into the soil by rain. The paper 
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mulch cover was punched at regular distances 
of 30 cm. to allow water to penetrate and, when 
it had settled on to the soil surface after some 
rain, the lowest points where water tended to 
collect were also perforated. 


The topsoil of each of the 36 plots was 
sampled every month with an auger to the 
depth of 20 cm. The last sampling was done 
in August, 1954, after which profile samples 
down to 120 cm. depth were collected from 
all the plots. The monthly topsoil samples 
were analysed for pH, ammonia, and nitrate 
and the profile samples for nitrate only. The 
first and last batch of topsoil samples were 
analysed spectrographically for exchangeable 
cations, 


ANALYTICAL METHODS 


Ammonia was extracted by shaking 5 g. of 
soil for 30 minutes in 100 ml. of 1N potassium 
chloride in 0.01N HCl. 20 ml. of the clean 
filtrate was used for ammonia distillation with 
NaOH. The distillate was made up to 100 ml. 
and 2 ml. of Jackson’s Nessler reagent [7] were 
added to develop the colour, which ,was red 
after 10 minutes, in a Spekker absorptiometer 
using a blue filter. Nitrate was determined 
colorimetrically using the phenoldisulfonic acid 
method [8] modified by F. C. Verdade [9]. The 
cations were extracted with neutral 1N am- 
monium acetate. 


RESULTS AND DiISCUSSIONS 
A—Soil Acidity (pH) 

The data for pH are given in Table I. The 
first column (0) shows the figures obtained at 
the beginning of the experiment and sub- 
sequent co‘umns after as many months as the 
top figures indicate. 

The pH of the no-manure plots of the first 
lot of samples (0) is appreciably and signifi- 
cantly higher than all the others. As there is no 
treatment effect at this stage of the trial this 
difference is due to a genuine soil variation. 
The decrease of the no-manure plots from 
6.64 to 6.40 at the end of the year is also 
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significant and must be due to a seasonal 
change. This difference of 0.24 has to be 
remembered when considering the figures for 
the other treatments, One ton of ground lime- 
stone has raised the pH during the first month 
significantly from 6.39 to 6.66 and thereafter 
it was subject to a seasonal change like the 
no-manure treatment. At the end of the year 
the difference is only 0.05 units of pH com- 
pared with the beginning, to which a seasonal 
drop of 0.24 units has to be added. This gives 
a total increase of 0.29 units of pH for one 
ton of lime per ha. The difference of the sul- 
phate of ammonia treatment with and without 
lime at the end of the year is 6.05 minus 5.78, 
or 0.27 units of pH due to liming. 


Sulphate of ammonia plus lime reduced the 
pH from 6.35 to 6.05, of which 0.24 units can 
be accounted for by seasonal change. Thus 
only 0.06 units remain to which 0.28 units can 
be added for the lime effect, giving a total 
decrease of 0.34 units of pH due to applying 
sulphate of ammonia. The sulphate of am- 
monia treatment lowered the pH from 6.35 to 
5.78, of which 0.24 units are due to the season, 
leaving 0.33 units to the effect of sulphate of 
ammonia. From the figures of 0.28 units of 
pH for the lime treatment and about 0.34 
units for the sulphate of ammonia treatment, 
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it can be calculated that 1,214 kg: of ground 
limestone would have been needed to counter- 
act the acidifying effect of the 1,000 kg. of 
sulphate of ammonia. Such an amount is 
generally accepted for temperate regions and 
it is interesting to note that it also holds good 
for the tropics. 


The effects of the manures and mulches on 
the pH of the soil calculated from the differ- 
ences between months 0 and 12 are set out 
in Table II. 


From this table it can be seen that the grass 
mulch has had a retarding effect upon the 
decline in the soil pH during the period of the 
trial.This is probably due to the decomposition 
of the grass and its manurial effect. A similar 
effect was not obtained with the paper mulch. 


B—Ammonia Content 


The first samples (month 0) were taken two 
days after the sulphate of ammonia had been 
applied in the field. The difference in content 
of ammonia-nitrogen of the manured and not- 
manured plots at this date, when calculated 
in terms of N per hectare, gives a surplus of 
174 kg. of nitrogen in favour of the manured 
plots. As 206 kg. nitrogen per hectare had 
been applied it can be assumed that the method 


TaBLE I.—ANALYTICAL DATA OF Sort Acipity (pH) 


MONTHS FROM START OF EXPERIMENT 
0 1 2 3 | 4 | 5 6 f 8 9 10 11 12 
No manure 6:64 | 6:55 | 6:59 | 6°56 | 6°64 | 6°59 | 6-43 | 6:33 | 6:31 | 6°51 | 6:36 | 6-42 | 6-40 
Onetonlime .. | 6:39 | 6°66 | 6:67 | 6°61 | 6:71 | 6°61 | 6:58 | 6°51 | 6:31 | 6:62 | 6:28 | 6-48 | 6-44 
OnetonS/A-+ lime | 6°35 | 6:22 | 6°36 | 6:24 6:22 | 6:15 | 6:09 | 6:12 | 6°12 | 6°13 | 6°02 | 6:09 | 6:05 
OnetonS/A. 6°35 | 6°17 | 6:11 | 5-99 | 6°04 | 5-80 | 5:90 | 5-95 | 5:72 | 5:90 | 5-85 | 5-85 | 5-78 
esi 0:24 | 0-18 ales gpa Beene Garter keer etna es 
(P=0-05) Body of table=0-18. 
TABLE IJ].—EFFECTS OF MANURES AND MULCHES ON PH OF THE SOIL 
MANURES 
MULCHES No One ton One ton S/A One ton Main effect 
manure lime + lime S/A of mulches 
Bare soil —0°18 +0-02 —0-42 —0:68 —0:32 
Grass mulch —0:15 +0-24 —0-02 —0:48 —0-10 
Paper mulch — 0-38 —0-11 —0°48 —0:54 —0-38 
Main effect of manures y. |  —0-24 40-05 —0:30 0-57 S 
L.S.D. (P=-05): Body of table 0-31 
Bottom totals 0:18 
Side totals 0-15 
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_ of extraction is reasonably accurate, especially 


as the nitrate status in the manured plot had 
increased by 1.6 p.p.m. NO,—N 
(L.S.D. 0.53, P = 0.05), due to some of the 


ammonia becoming oxidised to nitrate in the 


first two days. The figures for ammonia- 
nitrogen are given in Table III. 


From Table III it can be seen that fairly 
high amounts of nitrogen in the ammonia form 
were present in this soil even without manur- 
ing, amounting to about 100 p.pm. N as 
ammonia or 250 kg. of nitrogen per hectare 
(1 p.p.m. N as ammonia is equivalent to 2.5 
kg. of nitrogen per hectare), The content of 
ammonia decreased steadily throughout the 
year of the experiment, except for slight rises 
before heavy rains (months 2 and 8). The total 
decrease of the no-N plots after one year 
amounts to 35.5 p.p.m. ammonia-N (equal to 
89 kg. of N); most of this can be assumed to 
have been converted to nitrate. Considering 
that the production of ammonia through de- 


composition of organic matter takes place 


continuously, the total amount of available 
nitrogen in the nitrate form during the course 
of one year must therefore be well over 
100 kg. per hectare. This is more than an 
adequate supply of nitrogen for sisal. It also 
helps to explain why sisal does not respond 
significantly to nitrogenous fertilisers on such 
virgin soils [10]. é 


Table IV shows that the added ammonia— 
nitrogen was subject to rapid oxidation. After 
only one month, more than half of the dressing 
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of sulphate of ammonia had disappeared. The 
difference after two months is not quite signifi- 
cant. One conclusion is that a dressing of 
sulphate of ammonia will be converted to 
nitrate or otherwise lost within two, or at the 
most, three months, By the end of the year 
all the plots contained about the same amount 
of ammonia. Thus not only the added am- 
monia but also a proportion of the natural 
ammonia, equal to that of the no-manured 
plots, had also been converted to nitrate in the 
manured plots. 


The influence of liming in respect of changes 
in the ammonia content was not very great. 
Table III suggests that the added ammonia 
might be lost more rapidly when coupled with 
liming, although the differences are not signi- 
ficant. The different mulches used had no effect 
upon the ammonia-N content of the topsoil. 


C—Nitrate Content 


The nitrate status in a soil is the result of 
many inter-related factors. The production of 
nitrate itself is entirely a biological process, 
which depends upon soil acidity, total nitrogen 
content, easily available nitrogen compounds, 
mineral nutrients, moisture, and aeration in the 
soil. Once formed the nitrates can be easily 
removed through leaching, de-nitrification or 
else uptake by plants. The nitrate status of a 
topsoil on a given day is only temporary and 
is subject to rapid changes; and therefore only 
the main trends of the data given in Table V 
and Fig. 1 are of importance. 


TABLE III.—PARTS PER MILLION NITROGEN AS AMMONIA IN TOPSOIL 


MONTHS FROM START OF EXPERIMENT 


) 1 2 aay 5 6 7 8 9 10 11 12 

No manure - 196 98 | 112 92 80 79 72 74 85 77 70 72 74 

One fon liste 115 94 | 120 91 87 88 73 70 83 78 91 71 66 

S/A + lime 190 | 131 | 119 92 85 80 15 81 87 16 716 77 71 

One ton S/A 160 | 131 | 142° | 105 90 93 75 86 93 83 69 69 70 

L.S.D. (P="05 eee eS ae ee ee erie eer ere ee 
E s} : IN.S. | N.S. 


TABLE IV.—MEAN DIFFERENCES IN KG. OF AMMONIA-NITROGEN PER HECTARE BETWEEN 


NN—MANURED AND 


NO-MANURED PLOTS 


S MONTHS FROM START OF EXPERIMENT 


ee a pene nana 
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(a) Influence of Mulching on Nitrate-Nitrogen 
Content 


The nitrate-N content of the soil under the 
different mulches at monthly intervals is set out 
in Table V. The amount of rain in mm. during 
each month prior to sampling is also added. 
Nitrate-N production began immediately from 
the: start of the trial and rose to 4 p.p.m. at 
the end of the second month on bare-soil plots, 
and likewise on those with a grass mulch; and 
it rese to about 6 .p.p.m. below a paper mulch. 
During this period 219 mm. of rain fell and 
much of the nitrate produced would probably 
be leached below the sampling depth. This 
appears to be confirmed by the fact that leach- 
ing was not so pronounced below the paper 
mulch. A general increase was noted during 
the second month when there was less rain. 
But during the third month (October, 1953), 
when the rainfall was 241 mm., heavy leaching 
took place on the bare soil and it was even 
greater under the grass mulch. Below the paper 
mulch the nitrates were protected to a large 
extent from leaching and a further increase in 
the content of nitrate occurred (7.11 p.p.m.). 
During the ensuing dry season (months 4, 5, 
6 and 7) the nitrate content started to rise 
steadily in the bare-soil plots and below the 
grass mulch, but there was always less nitrate 
below the grass than in the bare soil. The 
monthly rates of increase are about the same 
for the two treatments. The lower nitrate con- 
tent below the grass mulch is attributable to 
heavier leaching rather than to a lower nitrate 
production rate (see Table VII). During the 
second rainy season (months 8, 9 and 10) the 
accumulated nitrate was similarly leached out 
of the topsoil. 


With regard to the paper mulch treatment, 
the nitrate content increased steadily until the 
end of the first rainy period but during Decem- 
ber (month 5), when there was only 46 mm. of 
rain, the nitrate content fell heavily. The same 
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phenomenon happened after the second rainy 


season (month 12) but to a much smaller 
extent. Determinations of NO,—N in the pro- 
files (Table VIII) showed significantly less 
nitrate below the paper mulch. The loss must 
be a real one, but the reason is unknown. 


During the second half-year of the trial the 
paper slowly decomposed and subsequently the 
nitrates were subject to leaching during the 
second rainy season. 


(b) Influence of Manuring and Rainfall on 
Nitrate-Nitrogen Content 


The nitrate content as influenced by manur- 
ing and rainfall is set out in Fig. 1. The paper 
mu!ch treatment has been excluded because, as 
shown above, there was not much leaching 
below the paper and the high nitrate figures 
of these plots would mask the effects of 
manuring and rainfall. 


Fig. 1 shows that liming has had no 
influence upon nitrate production. Manuring 
with sulphate of ammonia, however, brought 
about a substantial increase in nitrate content, 
and even the first samples (month 0), which 
were collected two days after the fertiliser had 
been applied, contained significantly more 
nitrate (2.41 p.p.m, against 0.81 p.p.m.; L.S.D. 
0.52, P = 0.05). During the first two months 
the nitrate content was high, despite fairly 
good rains, and nitrate production arising from 
conversion of the added ammonia exceeded 
losses through leaching. But after October 
(month 3) with its 241 mm. rainfall, the 
differences between the nitrogen-manured and 
unmanured plots became increasingly smaller. 
This agrees with the findings of Table III 
showing the rate of breakdown of the 
ammonia. Most of the sulphate of ammonia 
became converted to nitrate within two or 
three months after application and the nitrate 
was leached subsequently. 


TABLE V.—NITRATE-NITROGEN CONTENT OF TOPSOIL AS INFLUENCED BY MULCHING AND 
RAINFALL P.P.M. NO3—N 


MONTES FROM START OF EXPERIMENT 
0 1 2, 3 4 5 6 7 8 9 10 11 12 
Rain mm. _ 126 93 241 - 96 46 8 43 107 242 126 34-] 31 
Bare soil .. 1°64 | 3-07 | 3-91 1:70 | 3:68 | 4:98 | 5-80 | 7:39 | 4:77 | 1-39 1:39 | 2-00 | 3:02 
Grass mulch 1-59 | 3°11 | 3:73 | 0:82 | 2°57 | 3-11 | 4:55 | 5-43 | 3-02 0:73 | 1:16 | 2°18 | 3:09 
Paper mulch sty 1-59 _4:50 ig 5:93 a7 Wl 10-98 - 5:27 9:02 | 8-27 | 7:16 | 4°61 3°52 | 5:00 | 4-00 
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Changes in Nitrate-Nitrogen Content of Topsoil as — 


Influenced by Manuring and Rainfall 


(c) Distribution of Nitrate in the Profile 


The distribution of nitrate down the profile 
was ascertained at the end of the trial and a 
comparison of no manuring and manuring 
with sulphate of ammonia is given in Table 
VI. 


TABLE VI—DISTRIBUTION OF NITRATE- 
NITROGEN IN PROFILES WITH AND WITHOUT 
NITROGENOUS MANURING 


p-p.m. p.p.m. 
NO,—N NO,—N 


Soil depth S/A minus 

in cm with S/A no manure no manure 
O- 5 3.70 4.20 — 0.50 
5— 10 2.02 223 — 0.21 
10— 20 1.30 1.16 + 0.14 
20—. 30 e233 1.20 + 0.03 
30-— 40 1.77 1.95 — 0.18 
40— 50 31 3.02 + 0.09 
50- 60 3.55 3.70 — 0.15 
60— 70 4.71 3.61 + 1.10 
70— 80 4.73 a 2298 oS hes: 
- 80- 90 4.61 NOE + 2.32 
90-100 3.68 1.59 2.09 
100-120 B29 1.20 se Deo 


It can be seen from the last column that there 
is hardly any difference between the two treat- 
ments in the upper 60 cm. of soil. From 60 cm. 


downwards, however, the nitrate-nitrogen con- 
tent of the nitrogen-manured plots exceeds 
that for the unmanured plots. The deepest 
sample at 100-120 cm. had the biggest differ- 
ence in nitrate-nitrogen content (2.39 p.p.m.) 
and therefore it can be assumed from the trend 
of these figures that a large portion of the 
nitrate derived from manuring has been carried 
below the full sampling depth of 120 cm. 
(see Table VIII). 

The influence of the mulching treatments on 
the distribution of nitrate-nitrogen in the 
profile can be gauged from the data given in 
Table VII. 

TaBLE VII—DISTRIBUTION OF NITRATE- 

NITROGEN IN PROFILES AS INFLUENCED BY 


MULCHING | 
p.p.m. p.p.m. p.p.m. 
Soil depth NO,—N NO,—N NO,—N 
in cm Bare soil Grassmulch Paper mulch 

O- 5 4.11 3.90 6.41 
5— 10 2.14 2A 223 
10— 20 1.32 1.14 1.41 
20— 30 1.41 1.02 1.45 
30— 40 2.36 1.36 1.64 
40— 50 3.86 DS) 1.89 
50— 60 4.80 2.93 ee) 
60— 70 4.70. 3.61 2.61 
70— 80 3.98 ae75 2.82 
80—. 90 3.30 3.64 2.61 
90-100 2.09 3.18 DG) 


100-120 1.39 249 1.43 
There is an accumulation of nitrate-nitrogen 
in the top 5 em. of the profile, irrespective of 
treatment, and this is in all probability due to 
this zone of the soil being most active biologi- 
cally, but it could also be due to a concentra- 
tion of nitrate owing to the soil moisture 
moving to the region where most evaporation 
takes place. Deeper down in the profile there 
are other peaks of nitrate accumulation. In 
the case of the bare soil the peak lies at the 
depth of about 60 cm., while that for the grass 
mulch is about 80 cm., and below the paper it 
is at 70 cm. This shows once again, as stated 
earlier, that leaching below a grass mulch is 
more pronounced than under a bare soil. 

A bare soil loses more moisture through 
evaporation than a mulched soil, The greater 
moisture deficit of a bare soil has to be made 
up before moisture can infiltrate to greater 
depths. In addition, a bare soil becomes capped 
on the surface by the impact of raindrops and 
this leads to increased run-off of water. The 
better moisture conservation and greater in- 
take of water under a grass mulch results in 
increased leaching of easily soluble nitrates 


into deeper layers of the soil. 
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The mean total amount of nitrate-nitrogen in 
the profiles calculated as kg. per hectare are 
given in a two-way table (Table VIII). There 
is significantly more nitrate present in the 
profiles of sulphate of ammonia treatments. 
But the actual difference is only equivalent to 
an amount of 13.6 kg. of nitrate-nitrogen per 
hectare or 6.6 per cent of the nitrogen added. 


It has already been noted from Table VI 
that some nitrate had been washed below 
120 cm. and so it might well be that another 
peak of nitrate occurs deeper down in the soil 
‘than 120 cm. 


Liming seems to have reduced nitrification 
but the differences are not significant. 


There is no difference between bare soil and 
a grass mulch. Below the paper mulch there is 
significantly less nitrate-nitrogen, which reflects 
the decline of nitrate such as has already been 
noted especially during month 5 (see Table 
TV). 

When the profile samples of the trial plots 
were collected, profiles in the surrounding area 
under a grass vegetation (Panicum tricho- 
cladum) and abandoned Ceara rubber were 
also sampled, The total nitrate-nitrogen con- 
tent of these profiles, calculated as kg. per 
hectare, amounted to 4.16 kg. of nitrate- 
nitrogen below the grass and 3.95 kg. below 
the rubber forest. No peaks of nitrate accumu- 


lation were found. When these figures are 
compared with the much higher contents of 
soil nitrate in the trial area that was free of 
vegetation, the conclusion is reached that most 
of the nitrate is consumed by the dense old- 


_ established vegetation and that losses through 


leaching are relatively low, providing that the 
available nitrogen is not far in excess of the 
needs of the vegetation itself; or else nitrate 
is being leached very rapidly by continuous 
heavy rains to a depth beyond the root range. 
In the tropics, however, the rains are often 
very heavy and leaching may be substantial, 
especially on cultivated land or when the crop 
has not developed an extensive root system, or 
else has shallow roots, like sisal. 


(d) Effect of Treatments on Exchangeable 
Cations 


The data obtained from spectrographic 
analyses for exchangeable cations are rather 
variable. However, liming at the rate of one 
ton of ground dolomitic limestone per hectare 
resulted in an increase in exchangeable calcium 
and to a lesser extent in magnesium. The 


mulches have had no effect except that the 


grass mulch brought about a slight increase in 
potassium. 

The most notable feature was a decrease in 
exchangeable mineral nutrients caused by 
applying sulphate of ammonia. The losses from 


TABLE VIII—KILOGRAMS OF NITRATE- NITROGEN PER HECTARE 


No manure One ton One ton | One ton S/A Main 
Lime S/A + One ton effect 
lime 
Bare soil 38:52 29-89 44-04 55-98 42-11 
Grass mulch 36°61 30-75 50:74 38:77 39-20 
Paper mulch 27:84 25:52 51-70 29°61 33-66 
Manuring effect 34-32 28°73 48-82 41-45 


L.S.D. Bottom totals 8-3 
(P=-05) Side totals 6°8 


TABLE IX.—CHANGES IN RESPECT OF EXCHANGEABLE CATIONS AS INFLUENCED BY MANURING 


m.e. % exch, m.e. % exch. m.e. % exch. m.e. % exch. 

Calcium Magnesium Potassium Tae 
1953 1954 1953 1954 1953 1954 1953 1954 

No manure 6:00 5-29 3°98 3°40 1:22 1:08 : 

One ton lime .. 4°69 5°85 . . . . 0-46 508 
One ‘on Least 3°63 3°74 1:24 1-13 2°46 2:09 

ea ap 4°75 533. 3°73 3-08 1:25 ‘0 ; : 
One ton S/A 4:94 4:02 3212 3:21 Paz O98 317 3-69 


86 


THE EAST AFRICAN AGRICULTURAL JOURNAL 


OCTOBER, 1956 


the topsoil on these plots compared with those 
without sulphate of ammonia, ignoring liming 
. and mulching, amounted to 207 kg. of calcium 
(0.41 m.e. per cent), 158 kg. of magnesium 
(0.52 m.e. per cent), and 39 kg. of potassium 
(0.04 m.e. per cent) per hectare, total (0.97 m.e. 
per cent), On the other hand there was an 
increase of 1.08 m.e. per cent of exchangeable 
hydrogen. This agrees with the changes in pH 
mentioned earlier (Table I). 


y The total loss of cations of 0.97 m.e. per cent 
is equivalent to 485 kg. of calcium per ha. 
in a 20 cm.-depth of soil, or to 1,210 kg. of 
calcium carbonate. 


SUMMARY 


The changes that occurred during the course 
of one year in respect of pH, ammonia, nitrate, 
and exchangeable cations are reported from a 
3 x 2 x 2 factorial design trial, comprising 
bare soil, grass mulch and paper mulch, in all 
combinations with no manure, one ton sulphate 
of ammonia, and one ton of ground dolomitic 
limestone per hectare. 


- Without any manure the pH dropped slightly 
from 6.64 to 6.40 due to a seasonal change. 
One ton of lime raised the pH from 6.39 to 
6.66 after one month, but it declined towards 
the end of the year to 6.44. The increase of 
pH by one ton of ground limestone amounts 
to 0.28 units. One ton of sulphate of ammonia 
caused a fall in pH of 0.34 units. 1.2 tons of 
lime are needed to counteract the acidifying 
effects of one ton of sulphate of ammonia. 


The ammonia added in the fertiliser was 
converted to nitrate, about half of it during 
the first month and the other half during the 
second month of the experiment. An equal 
amount, in both manured and unmanured 
plots, of the natural ammonia content was also 
converted up to the end of the year. The 
natural ammonia content tended to increase 
before the beginning of the heavy rains. 


The nitrate-nitrogen was significantly higher 
in the nitrogen-manured plots during the first 
two months only. During the third month, 
after heavy rains, the nitrate was leached into 
deeper soil layers; but subsequently there was 
not much difference in the nitrate content of 
the topsoil between any of the manurial treat- 
ments. The following dry season brought about 
an overall increase in nitrate, which was also 
leached during the next rains. No differences 
could be detected between a bare soil and a 
grass mulch in respect of nitrate production. 
But leaching was more pronounced below the 


87 


grass mulch, which is attributable to better 
infiltration of water and more effective 
moisture conservation. The paper mulch 
reduced the leaching of nitrates, but there was 
a decrease in the nitrate content after the rains, 
which is probably due to denitrification. 

The distribution of nitrate in the profile 
after one year shows that the added nitrogen in 
the ammonia form can only be found as nitrate 
at a depth of 60 cm. or more. The amount of 
the added nitrogen left in the profile down to 
the depth of 120 cm. was only 6.6 per cent; 
but it has already been suggested that an 
appreciable amount of nitrate may have been 
leached well below the sampling depth of 
120 cm. Some of the added nitrogen was lost 
below the paper mulch. : 


The exchangeable cations decreased generally 
but increased slightly in regard to potassium 
under the grass mulch and in respect of calcium 
and magnesium after liming. Sulphate of 
ammonia resulted in a decrease of calcium 
(0.41 m.e. per cent), magnesium (0.52 m.e, per 
cent) and potassium (0.04 m.e. per cent). The 
exchangeable hydrogen, however, increased by 
1.08 m.e, per cent. The total loss of cations 
of 0.97 m.e. per cent is equivalent to 485 kg. 
of calcium per ha. to a depth of 20 cm. of 
soil, or 1,210 kg. of calcium carbonate. 
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THE EXHAUSTION OF CATTLE SPRAY-RACE FLUID 


By D. P. Braithwaite and W. R. T. Hemsted, Veterinary Research Laboratory, Kabete 


(Received for publication on 27th June, 1956) 


When cattle are dipped in a water-soluble 
preparation such as sodium arsenite, the pro- 
portions of water and insecticide removed 
from the bath are in the same ratio as that 
existing in the dipping fluid itself. In the case 
of insoluble substances formulated as oil emul- 
_ sions or wettable powders, however, there is a 
relatively greater loss of insecticide, thus 
causing a gradual decrease in the concentra- 
tion of active material remaining in the dip 
tank, 


The additional loss over and above the 


normal insecticide-to-water ratio is usually 
referred to as “preferential removal” or 
“stripping,” and the rate is conveniently 


expressed in gallons or pounds of the particu- 
lar type of dip concentrate per thousand 
animals treated. This figure represents the 
quantity of insecticide required after dipping 
operations to restore the strength of the dip 
wash to its initial value; any water added to 
make up the volume of fluid in the bath 
requires the further addition of dip concen- 
trate at the normal dilution rate. (For con- 
venience, these two additions are often com- 
bined in the maker’s recommendation of 
topping up at an enhanced rate.) 


In dipping calculations, the total removal 
rate of insecticide from the bath is therefore 
regarded as being compounded of two parts: 
(a) a “normal” removal rate of insecticide and 
water in the same proportion as exists in the 
bath, and (b) a preferential-removal rate. As 
an example, consider the dipping of 1,000 
animals in a bath containing an acaricidal 
preparation used in the proportion of one 
gallon concentrate to 250 gallons water. It is 
assumed that the net loss of fluid during this 
operation is 500 gallons. Where there is no 
preferential-removal effect, the dip wil be 
brought back to its initial state by the addition 
of 500 gallons water and two gallons of con- 
centrate, i.e. the “normal” removal rate is two 
gallons of concentrate per 1,000 head. If, 
however, the preparation is such that prefer- 
ential removal does occur, a further addition 
of insecticide, say one gallon, will be required 
to obtain the original correct concentration. 
The preferential-removal rate is then one 
gallon per 1,000 head, and the total removal 
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rate three gallons per 1,000 head. Since this 
latter quantity is associated with the removal 
of 500 gallons water, a replenishment rate of 
about one gallon of concentrate to 170 gallons 
water should suffice to maintain approximately 
correct strength conditions in the bath, 


The existence of preferential removal from 
dipping baths has been recognised for many 
years, and figures of its extent for the various 
commercial products are known. The effect 
on spray-race fluid, however, has not been 
generally appreciated. This has _ probably 
arisen because’spraying as originally envisaged 
meant hand spraying with a stirrup pump, 
each animal being separately treated with 
fresh fluid. With this procedure there is no col- 
lection of drainings for reuse and therefore 
the question of preferential removal does not 
arise. In the case of the modern power- 
operated spray races, there is continuous circu- 
lation of the fluid and drainings, and hence 
due allowance must be made for this factor. 


Moreover, the expected decrease in the 
Strength of the fluid due to preferential 
removal during spraying operations. will be 
considerably greater than that which occurs 
in dipping an equal number of cattle, since 
the same total amount of insecticide is to be 
abstracted from a very much smaller volume 
of fluid (comparable figures are 300 gallons 
spray and 3,000 gallons dip). In addition, the 
volume of spray fluid in circulation is itself 
being rapidly reduced, leading to a further 
increase in the rate of fall of concentration. 


Although it was believed that the actual 
preferential-removal rate might be somewhat 
less. for spraying than for dipping, routine 
testing had shown that the end-of-spraying 
wash samples could be seriously under 
strength. An investigation of the magnitude of 
this effect was necessary. 

The material commonly used in spray races 
at the present time is a toxaphene emulsion, 
prepared by diluting a miscible oil concentrate 
(of which there are several proprietory brands) 
with water. The concentrate contains about 
75 per cent w/v toxaphene and is used at a 
dilution rate of 1:300 ie. 0.25 per cent toxa- 
phene. Attention has therefore been primarily 
directed to the use of this type of preparation. 
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THEORETICAL CALCULATIONS 


Calculations on a theoretical basis have been 
made for the exhaustion of recirculation 
spray fluid, and these are shown in the 
accompanying graphs of percentage fall in 
strength of the wash against the number of 
animals treated; a comparison with the result 
for a dipping tank is included. The curves in 
Fig. 1 are derived for a wash removal of 0.5 
gallons per animal, at preferential-removal 
rates of 1, 3, $ and 4 gallon insecticide pre- 
paration per 1,000 animals, with an initial 
volume of 300 gallons water containing one 
gallon insecticide; the dipping curve is for 
3,000 gallons fluid at the normal preferential- 
removal rate of one gallon insecticide per 
1,000 animals. The same scheme is shown in 
Fig. 2 for a wash removal rate of 0.4 gallons 
per animal. 


Fic. 1*-Percentage fall in strength of spray 
fluid (1:300) vs. number of cattle 
treated at wash removal rate of 
0.5 gallons /head. 
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The calculations were made in units of 50 
animals in respect of (a) the “normal” wash 
removal, and (b) the preferential . removal, 
from which the total loss, and hence the 
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resultant strength after treatment of the group 
of 50 animals, was derived. The “normal” loss 
of insecticide associated with the 0.5 or 0.4 
gallons fluid per animal was taken to be of 
the particular strength at the start of each 
group of 50. In calculating the preferential- 
removal loss it was assumed that the actual 
preferential-removal rate decreased propor- 
tionately with the fall in strength of the fluid, 
e.g. if the concentration had fallen to 75 per 
cent of the correct strength, the preferentia!- 
removal rate was also assumed to have fallen 
to 75 per cent of the respective initial value. 


Fic. 2—Percentage fall in strength of spray 
fluid (1:300) vs. number of cattle 
treated at wash removal rate of 
0.4 gallons/head. 
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Although it is logical to expect some decrease 
in preferential-removal rate with a decrease in 
actual strength, there is no evidence available 
on this point; and in practice the relationship 
would undoubtedly be confused by other 
factors such as fouling. For the purpose of 
this illustration it is considered that the above 
assumption is reasonable; if a constant value 
for preferential removal had been retained, the 
rate of loss of strength would of course be 
even greater than that shown. 
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It will be seen therefore that a very serious 
loss of strength may be expected during spray- 
ing under conditions of economic usage, 
unless periodic additions of dip concentrate 
are made to maintain the correct value. 


A point that should be emphasised is that 
the range of preferential-removal rates chosen, 
i.e. from 4-1 gallon per 1,000 animals, repre- 
sent very high quality emulsion formulations; 
and it is unlikely that any significant reduction 
below the smaller figure could be achieved. 
On the other hand, for example, some B.H.C. 
“mayonnaise-type” emulsions have dipping 
preferential-removal rates of up to four gallons 
per 1,000 head. It has been accepted that such 
preparations are unsuitable for use in spray- 
ing equipment because they suffer an extremely 
rapid loss of strength; this was attributed to 
breakdown of the emulsion, but it would now 
Seem possible that such a high preferential- 
removal rate would offer in itself a sufficient 
explanation. 


EXPERIMENTAL RESULTS 


In order to obtain experimental confirma- 
tion of loss of strength during spraying opera- 
tions, and to obtain some estimate of the 
magnitude of the effect, it was desirable to 
obtain a number of samples under varying 
conditions. Through the co-operation of 
Messrs. Cooper, McDougall & Robertson 
(E.A.) Ltd., spray-fluid samples and the neces- 
sary information were obtained from several 
farms using a toxaphene emulsion in power- 
Spray races. The samples were analysed for 


toxaphene content by the standard method of 
total de-hydrochlorination with sodium in 
xylene solution. 


From knowledge of the initial volume of 
fluid (V,) and its concentration of toxaphene 
(C,), the quantity of toxaphene originally 
present was calculated (V,C,); similarly, the 
quantity of toxaphene remaining in the 
apparatus after spraying a given number of 
cattle was calculated from the final volume 
(V,) and concentration (C,). The total toxa- 
phene removed during spraying is then the 
difference between these two quantities 
(ViG vO). 


The “normal” toxaphene removed was 
taken to be the product of the total volume 
of fluid consumed and the average concentra- 
tion of toxaphene—[4(C, + CAV. Saieyere 
The average preferential removal of toxaphene 
is then total toxaphene removed minus 
“normal” toxaphene removed. 


In each case these figures were calculated 
on a “per 1,000 head” basis and are shown in 
Table I together with the full data. 


The changes in fluid strength for tests one 
and two are relatively small and this is due 
to the large volume of fluid used; the disadvan- 
tage of this method is the large volume of 
dirty residual fluid that must be retained and 
forms the bulk of the next spraying. Normal 
practice is to keep the volume as small as 
possible, so that the residue can be discarded 
or at least only forms a small proportion of 
the new wash. When this is done, however, as 


TABLE I 
Nee Preferential 
ei = = referentia 
Farm pe 2 o® cf Sf 2 é $ Breed Ss S Remoyal 
2 |S38] 8 Be eae ll I Oh” tpg Ee |dee| Rate 
= ‘eaa) 4 as ic) aS | doa wos | Fos 
% 5ON | En Gn > it 3 AS 4 Bum eas 
BH |Z 4 i ) ie 5 B Z 
% Tox | % Tox] Galls. | Galls Galls./ Lb. Lb. Lb. | Galls./ 
Hd Tox/ Tox/-| Tox 1000 
1000 1000 1000 Hd 
Hd Hd Hd 
A la 381 | 0:285 | 0-238 500 374 | 0-332 | Ayrshire/ 14-04 8-66 5:38 0-72 
Boran 
A 1b 519 | 0-320 | 0-262 494 321 i" 0-332 - 14-26 9-69 4-57 0-61 
A 2a 381 | 0:275 | 0-225 500 339 | 0:424 ee 16°10 | 10°55 5°55 0°74 
A 2b 488 | 0-335 | 0-242 339 132 | 0-424 ie 16°77 | 12-22 4°55 0°61 
B 3 494 | 0-304 | 0-185 300 100 | 0-405 | Friesian & 14-70 9°87 4°84 0-64 
Boran 
B 4 700 | 0:283 | 0-145 343 80 | 0-376 + 12:20 8-04 4:16 0:55 
Cc 5 283 | 0°195 | 0-104 260 70 | 0-680 | Ayrshire 15-33 | 10-00 $+33 0-71 
€ 6 283 | 0:238 | 0:136 250 93 | 0°555 Rs 16°63 | 10°35 6°18 0-82 
D i 526 | 0:279 | 0-134 300 50 | 0°475 as 14-64 9°79 4°85 0:65 


———— 
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the remaining tests show, the strength of the 
fluid is considerably reduced during the opera- 
tion. In all cases the figures for the preferen- 
tial-removal rate are remarkably constant. 


It is appreciated that arithmetical means 
cannot strictly be applied to such a variable 
system. In particular, it is likely that the 
“normal toxaphene removed” has been under- 
estimated and therefore that the average 
preferential removal is too high. On the other 
hand the average preferential removal, how- 
ever calculated, will presumably be less than 
the true preferential removal for a system 
maintained at constant correct strength which 
is the desired state. It would obviously be 
desirable to study the system in greater detail 
by taking a large number of samples during a 
spraying run, and it is intended to do so in 
the near future when facilities are available. 
Individual conditions, particularly in the 
degree of wetting of animals and efficiency of 

collection of drainings, will undoubtedly cause 
' some variation in the requirements for a par- 
ticular spray race, so that any figure should 
be taken as a general guide rather than a 
definite rule. 


The average of the present results gives a 
preferential-removal rate of 5.02 lb. toxaphene 
per 1,000 head; this is equivalent to 0.67 
gallons of the 75 per cent toxaphene miscible 
oil concentrate for which a _ convenient 
approximation is five pints per 1,000 head. 
It is therefore suggested that an addition of 
4 pint toxaphene concentrate (emulsified with 
an equal volume of water) should be made 
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after each 100 animals have been sprayed; the 
efficacy of this addition should be checked by 
analysis of samples. 


CONCLUSION 


It has been demonstrated from both general 
considerations and field tests that serious loss 
of strength occurs in recirculatory power- 
spray races unless replenishment is made 
during operations. As a tentative conclusion, 
it is recommended that the addition of 4 pint 
of 75 per cent toxaphene miscible oil concen- 
trate be made after treating every 100 animals. 


SUMMARY 


A study has been made of the loss of 
strength of insecticidal emulsions (particularly 
toxaphene miscible oil preparations) during 
the spraying of cattle when the fluid is con- 
tinuously recirculated. 


It is shown that, in spite of a low preferen- 
tial-removal rate of insecticide, the total effect 
is such that serious loss of strength will occur 
in normal operations, unless replenishment of 
active material is made during the course of 
spraying. 
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PLANT-PARASITIC NEMATODES—IMPORTANT.. 
PATHOGENS IN TROPICAL AGRICULTURE 


By A. G. Whitehead, Colonial Research Fellow attached to the East African 
Agriculture and Forestry Research Organisation, Kenya 


(Received for publication on 28th June, 1956) 


The object of this article is to draw attention 
to the threat of plant-parasitic nematodes, or 
“eelworms’’, to tropical agriculture. It is neither 
possible nor desirable to give here a detailed 
account of the numerous species known to 
cause damage to tropical crops; but the author 
plans to publish such a review elsewhere. It 
is hoped that this article will stimulate interest 
and lead to a wider knowledge of the diseases 
of East African crop plants in which eelworms 
play a part. 


Eelworm studies have been carried out 
mainly in the temperate zones, in particular in 
the United States and in Western Europe, while 
in comparison relatively little has been done, 
and that by a very few pioneer workers, on 
tropical eelworms. However, in view of the 
fact that eelworms can cause an overall loss of 
5-10 per cent in agricultural regions and in 
heavily infested areas losses up to 50 per cent 
of the yield, it is evident that intensive research 
in the tropical field is long overdue. There are 
good reasons for the limited advances in 
tropical eelworm research. Nematodes are diffi- 
cult organisms to study, and plant-parasitic 
species particularly so, on account of their 
small size, which ranges from 0.2 mm. to 
7 mm., with an average of about 1 mm. in 
the majority; only a few species occur at the 
extremes of the range. Their bodies are cylin- 
drical and tapering at both ends, and this, with 
their small size and translucent.nature, renders 
them generally invisible to the unaided eye. 
Moreover, eelworms are largely soil organi- 
isms and consequently attack the underground 
parts of plants—roots, root-tubers, bulbs, etc. 
—though a few species attack the aerial parts. 
Being largely soil-inhabiting, eelworms are 
not only difficult to extract from the soil, but 
identification is rendered difficult by their close 
similarity to the large number of free-living 
soil nematodes. While techniques for the 
separation of nematodes from both soil and 
infested plant tissues have been greatly 
improved in recent years, notably by Dutch 
workers, indentification of parasitic species is, 
and is likely to remain, a specialist’s task. 
Nevertheless the need for research is great, 
since the group of soil-inhabiting nematodes 


is second only in extent to that of the insects, 
and contains over a hundred known parasitic 
species. 


While many plant pathogens are on the 
whole recognisable by the characteristic symp- 
toms of disease shown by the affected plant, 
this is not often true of eelworms. One species 
of eelworm may induce different symptoms in 
different host plants, and indeed in the same 
plant at different times, for the exact course 
of the disease depends to a considerable extent 
on the soil and tissue environment. Symptoms 
of eelworm disease are often confused with 
drought, mineral deficiencies, lack of organic 
soil constituents, waterlogging of the soil and 
so on. This can happen when examination is 
limited to the aerial plant tissues only, which 
simply act as an indicator of disease, showing 
the physiological effects of root invasion and 
not indicating what the disease is due to. 
Thus an. attack of Root-knot nematodes, 
Meloidogyne spp. may result in wilting, which 
may be attributed to drought damage, as may 
the “rim-firing” and “tip-burn” symptoms of 
tobacco attacked by root-lesion nematodes, 
Pratylenchus spp., while chlorosis of peanuts 
due to a ring nematode, Criconemoides sp. 
may be attributed to mineral deficiences. 
Therefore the only certain way of determining 
whether eelworms are involved in the disease, 
or whether it is to be attributed to other 
causes, is by direct microscopical examination 
of the plant tissues and the surrounding soil. 


FIELD SYMPTOMS OF EELWORM ATTACK 


Eelworm damage in crops often takes the 
form of “patches of poor growth”, infested 
patches consisting of stunted, wilted, chlorotic 
or generally unthrifty plants. Providing the 
conditions are favourable to the population 
build-up of the eelworm species involved, the 
size of the patches gradually increases until 
infestation may be widespread, when the crop 
may show an overall stunting of growth with 
consequent loss of yield. Often the damage to 
a crop due to a plant-parasitic species is of an 
insidious nature, which is one of the reasons 
why eelworm damage so _ often 
unnoticed. Thus the only evidence of disease 


passes 
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may be a general decline. This is a common 
feature in infested perennial crops, the orchard 
or plantation showing a steady decline in yield. 
Such a symptom is often thought to show the 
lack of organic and or inorganic components 
in the soil; but additions of these to infested 
soil do not stop the decline although they may 
enable the plant to withstand the eelworm 
attacks a little better. When infested orchards 
or plantations are replanted, half or more of 
the nursery stock may die, since the young 
plants are subjected to a high initial eelworm 
population, built up over the years. In peren- 
nial crops, such as tea, coffee or citrus, a 
“spreading decline” is a common symptom, 
while “leaf-drop”, “die-back”, loss of drought 
resistance and declining yields may occur, 
localised or widespread throughout the 
plantation. 


From what has been said it follows that the 
most serious eelworm damage results from 
growing the same susceptible crop year after 
year on the same piece of land, or using 
susceptible crops in a rotation. Under such 
conditions the eelworm population can build 
up to an enormous level. Tobacco and cotton 
are liable to be heavily attacked in this way. 
For the same reason replanting of perennials 
on infested land generally results in failure 
unless a resistant variety is on hand. 


Where a crop is suspected of showing eel- 
worm damage, the roots and underground 
tissues as well as the aerial plant parts should 
be examined, and diseased and healthy plants 
compared in this way. The roots may be galled, 
‘reduced in size and number, exhibit open 
lesions or be generally rotted. Sometimes there 
may be no recognisable macroscopic symp- 
toms although the roots are undoubtedly 
attacked by eelworms. It should, however, be 
emphasised that some of these symptoms can 
be caused by other pathogenic agents and a 
suspected eelworm attack must be confirmed 
by a specialist. 


Soi. CONDITIONS AND EELWORM ATTACK 


In general those soil conditions that are 
suitable for plant growth are suitable for the 
build-up of eelworm populations; and since 
every soil so far examined contains a repre- 
sentative eelworm fauna, it is not surprising 
that a susceptible crop may suffer damage if 
grown for several years on the same land. 
Nevertheless the build-up of the eelworm 
population and the extent of damage to the 
crop depends to a considerable extent on the 
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soil conditions. Soil temperature must rank as 
one of the most important of these conditions. 
For, in general, the higher the soil temperature, 
the more rapid is the population build-up, 


especially if these high temperatures are 
maintained throughout the year, as in 
tropical regions. Thus in tropical coun- 


tries more generations of an eelworm are 
passed per annum than in temperate. For this 
reason Root-knot nematodes, Meloidogyne spp., 
are of much greater importance out-of-doors in 
tropical, than in temperate, agricultural areas. 
Soil moisture and the oxygen tension of the 
soil water also appear to be important. In 
general the optimum conditions seem to be 
those of the sandy soils, since eelworm attack 
is often more serious on a light sandy than 
on a heavy clay soil. Since the water-holding 
capacity of sandy soils is low, the temperatures 


_attained at given depths tend to be somewhat 


higher than for heavy silty or clay soils, which 
may result in a more rapid eelworm population 
build-up. In sandy soils the tendency of 
infested plants to wilt may be more pro- 
nounced. The soil flora and fauna also seem to 
exert an important influence. Nematode-trap- 
ping fungi and predaceous nematode species 
may reduce a population of eelworms to a 
fraction of the original size. 


THE NATURE OF EELWORM LESIONS IN PLANT 
‘TISSUES 


The nature of the lesions produced in plant 
tissues depends upon a variety of factors, 
among which the exact nature of the feeding 
process of the eelworm in question and the 
degree of association between the host-plant 
and the parasite are most important. 


Almost all truly parasitic eelworm species 
possess a buccal stylet or spear, which appears 
to be used as a puncturing organ for pene- 
trating plant tissues and cells and also as a 
channel for conducting the cesophageal diges- 
tive secretions to the cell protoplasm, digestion 
being thus extra-alimentary. The stylet also 
serves as a channel for withdrawing digested 
food substances into the intestine by the pump- 
ing action of the muscular cesophagus. Within 
the intestine, absorption of food takes place. 
In this process the chemical nature of the diges- 
tive secretions and their strength determine 
whether the tissues are killed or not, or whether 
a gall, an open lesion or a rot is produced. 
The extent of the damage. and its seriousness 
depend on the degree of host-parasite 
association. 
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While there is much variation in the degree 
of association between the eelworm parasite 
and its host plant, two main types exist: 
sedentary, in which the eelworm remains fairly 
close to its original point of attachment or 
entry; and migratory, in which the eelworms 
actively penetrate, move through and out of 
plant tissues that are invaded. Each of these 
types can be sub-divided according to whether 
the parasite is mainly endoparasitic or mainly 
ectoparasitic. A few of the more important 
eelworm genera, and the lesions to which their 
more important parasitic species give rise, are 
mentioned below and will explain this classifi- 
cation. 


The outstanding genus of the sedentary 
endoparasitic eelworms is Meloidogyne, the 
Root-knot nematodes, which at present is 
regarded, often as a result of ignorance of 
other important eelworm groups, as the most 
important group of eelworms in the tropics. 
Root-knot nematodes are known to infest well 
over 3,000 plant species, including over 80 per 
cent of East African cultivated species, 
although degrees of susceptibility to Root- 
knot nematodes vary from host to host, so 
that a plant species may be resistant to some 
species of Root-knot nematodes and suscept- 
ible to others, or susceptible to all species. 
Total resistance to all species of Root-knot 
nematodes is very rare. The host-parasite 
relationship is fairly well balanced in_ this 
group, so that a very high population of Root- 
knot nematodes is required under favourable 
agricultural conditions to produce a recognis- 
able disease, the host being very rarely killed, 
although yields may be greatly reduced. The 
typical lesion of the sedentary endoparasitic 
group is the gall, such as is produced by the 
Root-knot nematodes, the cells in the neigh- 
bourhood of individual eelworms being stimu- 
lated to enlarge, some in Heterodera (the Cyst 
eelworms) and Meloidogyne (Root-knot eel- 
worms) excessively, giving rise to “giant cells”, 
the formation of which is also partly due to 
disintegration of neighbouring cell walls, and 
which are used rather like nectaries by the 
worm. The sedentary ectoparasitic group 
includes Rotylenchulus (the Reniform  eel- 
worm), Tylenchulus (Citrus root eelworm), 
Paratylenchus (Pin eelworms), Rotylenchus, 
and Helicotylenchus (Spiral eelworms) and 
others. At present little is known of their 
pathogenic capabilities, but several of them 
May occur in enormous numbers around the 
roots of diseased plants and they include 
species believed to be responsible for serious 
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crop losses. Sedentary eelworm “parasites 
show a tendency for the body of the female 
to become inflated and lose its locomotory 
ability. 


The migratory group of eelworms is now 
known to include many major pests and the 
importance of these forms has in the past | 
been underestimated, for their migratory habits 
make them difficult organisms to study. These 
migratory forms retain their eel-like shape in 
the female and their powers of locomotion. 
Among the endoparasitic members, Pratylen- — 
chus (Root-lesion or Meadow  eelworms), 
Hoplolaimus (Lance eelworms) and Rado- 
pholus (Burrowing eelworms) are the more 
important genera, at least in the tropics, while 
Ditylenchus and Aphelenchoides are important 
in cooler climates. The first three mentioned 
members of this group are badly adapted to 


~ the host and frequently cause serious disease 


at low population levels. They are root para- 
sites producing open lesions on the roots, 
which serve as ports of entry for secondary 
invaders. Thus Pratylenchus species are of 
primary importance in many root-rots, which 
involve fungal and bacterial pathogens in their 
later stages of development. 


Hoplolaimus is another important genus 
especially noxious to seedling plants and may 
feed both ectoparasitically and endoparasitic- 
ally. Radopholus produces small cavities in 
the roots of several important tropical crop 
plants and is now recognised as the patho- 
genic form responsible for “spreading decline” 
in Citrus spp. (i.e. R. similis, and not the so- 
called “Citrus eelworm”, Tylenchulus semi- 
penetrans). 


Some of the most spectacular damage is 
produced by eelworms of the migratory ecto- 
parasitic group. The more important members 
of this group include Trichodorus (the Stubby 
Root eelworm), Belonolaimus (the Sting eel- 
worms), Xiphinema (the Dagger eelworms) and 
Dolichodorus (Awl eelworms). Belonolaimus 
and Dolichodorus devitalise the root-tips and 
also feed along the sides of the roots. Tricho- 
dorus produces the “stubby root symptom’, 
which results from the extensive killing of the 
fine feeder roots, lateral rootlets and the 
degeneration of, and sometimes slight swelling 
of, the root tips. Little is known about the 
“Dagger eelworms”, but X. americanum 
appears to produce similar damage to that 
due to Belonolaimus and Dolichodorus and is 
the cause of extensive root necrosis. The severe 
damage to which eelworms of this group have 


THE EAST AFRICAN AGRICULTURAL JOURNAL 


given rise in Florida leaves little room for 
complacency in tropical and _ sub-tropical 
regions of intensive cultivation. 


Quite apart from the direct effect of eel- 
_ worm damage on plants, the lesions produced 
in invaded tissues, as has been mentioned 
above, serve as ports of entry for secondary 
invading fungi and bacteria. Much work 
remains to be done on this relationship of eel- 
worms with other members of disease com- 
plexes; but recent research in the United States 
has shown that resistance to vascular wilt 
diseases in cotton and tobacco can be broken 
and susceptible plants rendered far more 
prone to the wilt producing Fusaria in these 
hosts, by eelworm invasion of the roots. As 
stated above, root-rots can be initiated by 
Pratylenchus spp. No doubt future research 
will reveal eelworms playing other important 
roles in other disease complexes. 


EELWORM DISPERSAL 


Eelworms do not of their own accord spread 
very rapidly but rely largely on external 
agencies for their dispersal. Being largely soil- 
borne pathogens, eelworms are readily carried 
from infested to non-infested areas through 
a variety of agencies, including irrigation and 
flood water, infested soil adhering to the feet, 
farming implements and machinery, infested 
soil around nursery plants and roots in general. 
The transportation of infested plant material 
is a very common method of eelworm dis- 
persal. As long periods of quiescence are 
known for several species of eelworm (the 
record is 39 years), dried infested trash may 
carry living eelworms for many years and may 
be dispersed by wind and water. Restrictions 
on the use of infested planting material is 
probably the most suitable method of reducing 
the spread of eelworms, although in practice 
it is very difficult to achieve. 


CONTROL OF EELWORMS 

While a variety of methods of killing plant- 
parasitic nematodes is known, total eradication 
is impracticable and in practice a 90-95 per 
cent control is regarded as the maximum 
obtainable. Methods of control are conveni- 
ently classed as cultural and biological on the 
one hand and chemical on the other. 


Cultural methods of eelworm control include 
rotation of susceptible with resistant crops, the 
breeding of plants resistant to the eelworm 
species present and generally modifying the 
methods of cultivation to avoid a build-up in 
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eelworm population. The use of resistant 
varieties would theoretically be one of the best 
ways of controlling eelworms but it is beset 
with many snags. Thus resistance is generally 
specific, i.e. a variety bred with resistance to 
one species of Meloidogyne may not be resist- 
ant to another species. Moreover, resistance 
is rarely complete and its incorporation in a 
plant without loss of other desirable characters 
in the plant may be a long and difficult task. 


Biological controls are achieved by the use 
of organisms predatory on eelworms. While 
various predatory nematodes and nema- 
trapping fungi are known to reduce drastically 
eelworm populations in small-scale trials, the 
difficulty is to raise sufficient of these pre- 
dators on a field scale. However, applications 
of animal and plant manure to the soil, which 
are known to have beneficial effects on plant 
growth by the improvement of the soil struc- 
ture, also bring about a build-up of the 
numbers of eelworm predators; but the amount 
of manure needed to achieve this may be 
enormous and the method is not infallible. 
There are a few other organisms that attack 
eelworms but generally they are little more 
than academic amusements. 


Chemical methods of control entail the 
application of organic and inorganic substances 
to infested plants or plant material and to 
infested. soil. Nematicidal soil fumigants, 
although they give satisfactory control of eel- 
worm pests, are expensive both to buy and to 
apply, and their use is therefore limited to 
those cash crops in which the increased yields 


resulting from application of fumigants more 


than repay the cost of application. The most 
effective soil fumigants are D-D mixture (1,3 
Dichloro-propylene-Dichloropropane), EDB 
(Ethylene dibromide), methyl bromide, Chloro- 
picrin and one of the most recent soil fumi- 
gants, Nemagon (1,2 Dibromo-3 Chloropro- 
pane). Soil fumigants are applied either by 
hand injectors, for small areas such as seed 
beds, or by larger machine-driven injectors for 
field applications. The perfect soil fumigant 
should have a minimum toxicity for plants 
and high nematicidal effect, should diffuse 
rapidly through the soil, be harmless to apply 
and require a low concentration for a high 
eelworm kill. Finally it should be fairly cheap 
to apply. No such fumigant is known and 
phytotoxicity is generally high at nematicidal 
doses. Consequently fumigants are normally 
applied before planting unless the phytotoxicity 
is low at nematicidal doses. Nemagon is of this 
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latter type and may be applied to many 
growing crops, being especially valuable for 
treatment of perennials. It diffuses slowly 
through the soil, killing the eelworm fauna but 
without damaging the roots of several import- 
ant crops. However, soil fumigants have the 
disadvantage that they kill the nematode fauna 
of the soil indiscriminately. The predatory 
nematodes of the soil reproduce relatively more 
slowly than their eelworm prey, so that eel- 
- worm build-up tends to be more rapid after 
soil fumigation than before it, at least for 
certain species. Consequently once begun soil 
fumigation may have to be carried out yearly 
if high yields are to be maintained in 
susceptible crops. 
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None of the above methods of “control i is 


entirely satisfactory and much research is : 


required on control of eelworms especially: 
under tropical conditions. i : 


EELWORM PROBLEMS IN EAST AFRICA 
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Several serious diseases of crops in Bast 


Africa are attributed to eelworm damage. — 
During the next two years an eelworm survey 


is to be undertaken in Kenya, Uganda, Tanga- 


nyika and Zanzibar; and the author, who will 
be stationed at the East African Agriculture 
and Forestry Research Organisation, Kikuyu, 
Kenya Colony, is anxious to receive reports 
of suspected eelworm damage to assist him in 
this survey. 
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____ INVESTIGATIONS ON COFFEE BERRY DISEASE— 


LABORATORY STUDIES 


Preliminary investigations into the disease 
of coffee berries ascribed to a form of 
Colletotrichum coffeanum Noack have yielded 
some information on the  host/pathogen 
relationships involved, and have suggested lines 
for future research. Field experiments on the 
control of the disease have been made, and 
these will be reported elsewhere. 


Since McDonald (1922, 1925, 1926) described 
in detail the symptoms of the disease and the 
causal fungus, and succeeded in reproducing 
the symptoms by inoculating spores and 
mycelium into green berries, no critical studies 
on host/pathogen relationships have been 
made. The degree of pathogenicity of the 
fungus remained in question until it was con- 
clusively demonstrated by the production of 
lesions in the field without wounding (Rayner, 
1951). After the disease was first recognised 
(McDonald, 1922), efforts were directed almost 
entirely towards its control and towards in- 
vestigations into possible environmental or 
nutritional factors affecting its distribution. 
The effects of temperature on the growth of 
the fungus in vitro wefe studied by McDonald 
(1930). Other forms of Colletotrichum coffe- 
anum isolated from berry, leaf and bark tissues 
were described by McDonald (1925, 1926, 
1931) and Rayner (1948), The latter also sum- 
marised the investigations carried out up to 
1950 (1952). 


SOURCE OF INOCULUM 


Difficulty has been experienced in the past 
in reproducing the disease in the laboratory or 
field without previous wounding. Except under 
ideal infective conditions, inoculations within 
the epidemic area gave a low percentage of 
success, and poor germination of conidia in 
vitro was usually experienced. The source of 
inoculum in these previous experiments was 
entirely from cultures of the pathogen grown 
on artificial media. This difficulty has been 
overcome by using spore suspensions from 
conidial aggregates produced on the surfaces 
of lesions on detached berries in the laboratory. 
The immediate success of this technique led the 
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writer to abandon further investigations into 
the viability and infective capacity of conidia 
produced on artificial media. 

The primary source of inoculum always 
consisted of spores harvested from naturally 
infected material. Detached’ berries showing © 
lesions were kept in petri-dishes at high relative 
humidity, and after 1-3 days, the pink conidial 
aggregates were harvested and suspended in 
sterile water immediately prior to inoculation. 
Inoculum density and purity were checked as 
a routine. Two standardised methods of 
inoculation were used: spore suspensions were 
atomised on to berries or berry clusters until 
there was a run-off, or standard amounts were 
pipetted on to the surfaces of berries. 


THE INOCULATION OF DETACHED BERRIES UNDER 
LABORATORY CONDITIONS 


Detached berries were used as a means of 
studying host/pathogen interactions. This 
technique probably represents the closest 
practical approach at present available to a 
study of natural host/pathogen relationships. 
Although it has obvious limitations, it enables 
comparative methods to be adopted and is 
more convenient than attempting to inoculate 
berry clusters in the field. This technique was 
utilised to study (1) infection, and (2) the effects 
of fungicides on the pathogen. 


(1) Studies on Infection 


(a) The Mechanism of Infection—Observa- 
tions on epidermal “scalps” from inoculated 
surfaces of detached berries show that invasion 
by conidia of Colletotrichum coffeanum fol’ows 
the usual pattern, Germination is high on 
nutrient surfaces, such as the surfaces of cul- 
ture media or coffee berries. 


The germ tube forms a typical appressorium 
(Fig. 1) on contact with the berry surface, and 
penetration is presumably effected by an infec- 
tion peg. The average penetration time at 
laboratory temperatures was not studied 
critically, although it has been observed in the 
course of some of these experiments that it 
can be completed within four to five hours. 
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Fig.) (1) Conidia 
( Germ cuves 


(3 Conidia with appressoria, 
on berry surface. 


(b) The Incubation Period and Reproduction 
‘Period——The average incubation period of the 
pathogen from successful penetration to the 
first macroscopic signs of disease varies from 
6-14 days. These figures are comparable with 
those obtained by McDonald (1924). With 
young, developing berries of 1-5 mm. diameter, 
the incubation period may be as short as 72-84 
hours, while it may sometimes be as long as 
21 days with green berries which have attained 
their maximum size. 


graph1:Rate of lesion development 
curves. 
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Graph 1 illustrates typical rate of lesion 
development. The slope of the curves varies 
according to the ratio of the young and more 
susceptible berries to those which tend to show 
increasing resistance to fungal growth with age. 
It was found essential to take berry samples 
from a number of trees, and to randomise the 
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berries harvested; the influence of variation 
in susceptibility of individuals is thus largely 
overcome. 


Belief has been expressed in the so-called 
“latency” of the genus Colletotrichum (Rayner, 
1948, 1952) (Hendrikx, 1941), and this 
hypothesis has influenced the interpretation of 
observations on the etiology of the disease. The 
present experiments with fruit tissues of coffee 
do not support this, though it must be remem- 
bered that only the form of Colletotrichum 
responsible for coffee berry disease was studied. 
Clusters of berries in the field enclosed in poly- 
thene bags for 13 weeks (the possibility of 
direct infection thus being excluded) failed to 
develop any further lesions after an initial 
period of 14 days. The cycle from penetration 
to lesion development, therefore, appears to 
be a continuous process, variable in rate within 
defined limits. 


Under favourable conditions, the pink 
conidial aggregates are formed as soon as a 
macroscopically visible lesion is formed, and 


large numbers of conidia are produced. Thus, - 


under favourable field conditions, the disease 
can reach epidemic proportions within a short 
time, even with a relatively small initial source 
of inoculum. 


(c) The Numerical Threshold of Infection— 
Though there is no evidence of a minimum 
value for the numerical threshold of infection, 
there are indications that the optimum infec- 
tion density lies above a suspension density of 
10° spores per cubic centimetre. 
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Graph 2 shows the effect of density of 
inoculum on lesion production. Some infection 
does occur at relatively low densities, but lesion 
formation is considerably less than at the 
higher densities. This may explain, in part, the 
difficulty experienced by previous workers in 
obtaining satisfactory infection, and might 
account for the erratic results of investigations 
on the pathogenicity of the fungus. 

(d) Effects of Temperature on Infection— 
Facilities were lacking for a critical study of 
the effects of temperature and humidity on 
infection, and these could only be investigated 
in a preliminary manner. Graph 3 shows the 
rate of lesion development for laboratory 
temperatures (18°—23° C.), for low temperatures 
(10°-12° C.), and for alternating low and high 
temperatures. Low temperatures depress the 
rate markedly, while fluctuating temperatures 
show only an initial retardation of the rate. 
The fungus shows some tolerance towards 
relatively low temperatures, since some in- 
fection occurs at 10°-12° C. Temperatures 
fluctuating between 5°-8° C. inhibited lesion 
development, though the conidia were not 
killed. On removal to laboratory temperatures 
after seven days at 5°-8° C., there was con- 
siderable lesion development. 


GRAPH 3: Effect of temperature 
on rate of lesion 


development. 
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The fungus shows normal growth reaction 
to temperature in culture, that is, some growth 
may take place between the ranges 5°-36 G. 
the optimum being between 15°-25° C. 


One effect of temperature and humidity on 
host/pathogen relationship is shown in 
Graph 1. The two sets of data were obtained 


Percent infection 
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from two coffee trees of the same variety 
(SL.9) and of the same clone, grown under 
different conditions. Curve 1 shows the rate 
of lesion development on berries harvested 
from a tree grown under glass, in conditions 
of high relative humidity and. excessively high 
temperatures (12°-34°C.), Curve 2 is the rate 
for a tree growing outside the same glasshouse. 


(e) The Effect of Desiccation of Conidia on 
Germination.—Contrary to the general opinion 
formerly expressed by Clinton (unpublished 
report, 1953), conidia of this fungus can with- 
stand a certain amount of desiccation. 


Graph 4 shows the effect of desiccation on 
germination. Conidia were placed on the sur- 
face of green berries in droplets of water and 
a fan was played on them for varying periods. 
On resuspension in water in situ, sufficient 
conidia remained viable to cause as much as 
20 per cent infection, as indicated by lesion 
development, after a period of 24 hours. 
Clinton believed that conidia could not stand 
“many hours” desiccation. This worker, how- 
ever, observed germination of conidia on glass 
slides, and it may be that the berry surface 
provides more favourable conditions for ob- 
servations of this nature. 


graph 4: Effect _of dessication of 
conidia on infection. 
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(2) The Effects of Fungicides on the Pathogen 


The detached berry technique was used in 
an attempt to assess the effectiveness of some 
fungicides under controlled conditions, before 
embarking on extensive field trials. The 
fungicides under test were sprayed on berries 
until there was run-off, the berries were then 
allowed to dry, and a standard quantity of 
inoculum was pipetted on to them. 
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Laboratory results obtained in this manner 
bear a close relationship to values obtained in 
the field by means of infected berry counts, as 


illustrated in Table I. This method, or some | 


modification of it, promises to be useful as a 
standard test for the evaluation of fungicides 
against this pathogen. 


The three fungicides Verdasan, Griseofulvin 
and Perenox are the only ones so far tested 
that have shown some control of penetration. 
This agrees with the infection data, where 
Verdasan applied monthly during the rains, 
and Perenox applied fortnight’y, have shown 
promise as a method of controlling coffee 
berry disease. 


TABLE I 
ta Field Infection Data 
+ est Figures 
rane cite % lesions/ Total infected berry 
100 berries count after 20 weeks 

Verdasan ; 

(2°6 p.p.m.) 1 193 ) 
Perenox y 

(1%) 8 | 455 
Actidione 4. Spray applied 

(1°84 % a.i) 63 533 monthly during 
Fermate | rains. 

(-0049/ml.) 23 459 
Karathane 

(-0059/ml.) 89 1,204 ) 
Perenox 

1%) 8 71 Spray applied 

fortnightly. 

Control... 56 455 = 
Griseofulvin 4 

(880 p.p.m.) 5 — | Not included in 
Chelated (these field trials. 

copper (1%) 81 — ) 


Many of the fungicides tested showed 
neither fungi-static nor fungi-toxic properties, 
while others tended to increase both the rate 
of lesion development and final total lesion 
counts. The reasons for the failure of many 
fungicides to show any effective control in 
this instance can be explained in one of three 
ways, depending on the fungicide: 


(i) the fungicide is, in fact, not effective, or 
where it is effective in the laboratory, 
its effective life in the field is brief 
owing to processes of weathering. 


(ii) thé fungicide has a phytotoxic effect, 
which may be microscopic, on the berry 
surface. With such fungicides, disease 
incidence is significantly higher than 
the controls; entry of the pathogen is 
facilitated by the damage caused. 
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(iii) certain fungicides, in particular.some of 
the dithiocarbamate group, have been 
shown to act as yeast and fungal 
growth stimulators at certain concen- 
trations. 


The Effect of Griseofulvin on the Fungus.— 
Preliminary tes‘s with Griseofulvin have given 
promising results at certain concentrations. 
This anti-biotic was incorporated into Czapek- 
Dox culture medium at concen‘rations of 50, 
20, 10, 5, 1.0, 0.5 and 0.2 parts per million, 
and observations made on the effect on 
growth. The resuits were comparable to those 
obtained by Brian (1949) for other pathogenic 
fungi. Graph 5 shows the effect on the rate 
of growth of the pathogen in culture. Con- 
centrations higher than 1.0 p.p.m. severely 
affected growth rate, and the distortion and 
curling effects described by Brian (1949) for 
other fungi were observed. 


graph5: Effect _of Griseofulvin on the 


growth of Colletotrichum 


Cofteanum on Czapek-Dox 
medium. 
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In the field, higher concentrations were 
necessary to give effective results. Trees were 
sprayed with different concentrations of 
Griseofulvin (10, 50, 440 and 880 p.p.m.), the 
berries were harvested at varying intervals, 
and they were then inoculated in the labora- 
tory. The results are summarised in Graph 6. 
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graphé: Effect _of Griseofulvin on 
infection 


for field conditions. 
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From these observations, and from the 
results of other field trials, it appears that 
Griseofulvin at 880 p.p.m. exerts an appre- 
ciable control of the disease, while the lower 
concentrations (440 p.p.m. and lower) are less 
effective. It must be stressed that this experi- 
ment is of a preliminary nature only, and the 
resu'ts may not be reproducible under different 
climatic or edaphic conditions. 


- THE REACTION OF THE HOosT TO INFECTION 


Field observations show that, under natural © 


conditions, two markedly different types of 
lesion are produced: 


(a) “Type 1” lesions are actively spreading, 
sunken, brown to b!ack, under favour- 
able conditions producing pink conidial 
aggregates on the entire surface. 


(b) “Type 2” lesions, the so-called “scab” 
lesions described by McDonald (1931), 
are apparently of limited size, slightly 
sunken, light (buff) coloured, with 
numerous to few minute black erum- 
pent “pustules” scattered over the 
surface. 


McDonald (1931) attributed the scab lesions 
to a distinct form of Colletotrichum coffeanum 
and failed to obtain infection with it. The 
writer, however, has been unable to confirm 
this observation. Cultures from the 
lesions and those obtained from type | lesions 
are apparently morpho!ogically and _physio- 
logically indistinguishable. Both lesion types 
occur on detached berries inoculated with 
spores from type 1 lesions, and an intermediate 
type has been observed both in the field and 
in the laboratory. These lesion types are, 
therefore, he'd to be the expression of different 
reactions of the host to infection. 


scab 


Microscopical studies indicate that no 
mechanical barrier of any kind is formed by 
the coffee berry as a reaction to invasion by 
the pathogen. In the active lesions, the fungus 
spreads free!y through the host, as if the latter 
were a passive substrate, while conditions 
remain favourable. With the scab _ lesions, 
growth of the pathogen through the tissues is 
restricted, the lesion is general!y superficial, 
and the pathogen is unable to penetrate fur- 
ther than the fourth or fifth layer of cel's. The 
fungus is unab’e to spore freely on the surface 
of the lesion and the subepidermal stromata 
rupture the cuticle, giving rise to the minute 
black pustules characteristic of the scab lesion. 
The scab lesions do not usually develop into 
active lesions, even if conditions become 
favourable, a'though the margin of the esion 
may assume a water-soaked appearance and 


spores may be borne freely in this zone. 


On the other hand, active lesions may cease 
to develop if conditions become unfavourable, 
resulting in a lesion of an intermediate type, 
showing the brown necrotic colour of active 
lesions with the black pustules typical of the 
scab lesions. 


Both types of lesion may induce the forma- 
tion of an abscission layer in the pedicel. 


This. limitation of fungal growth seems to 
indicate that there may be some defence 
reaction on the part of the plant, although 
its mechanism is unknown. In the writer’s 
opinion it represen‘s a plasmatic defence 
reaction, that is, a function of the cell content. 
Whether specific biochemical tests will give an 
indication of the nature of the reaction remains 
to be seen. 


That these two symptoms can be reproduced 
in the laboratory may have some bearing on 
the study of varietal susceptibility to the 
disease. Comparative figures for varietal sus- 
ceptibility or non-susceptibi‘ity can be obtained 
from a study of the clinical symptoms of 


‘infection, and this may be a method for assess- 


ing, in the laboratory, the fie'd reaction of 
cer‘ain varieties to the disease. In petri-dishes, 
conditions are favourable for the rapid 
development of active lesions, yet with certain 
host varieties (e.g. Blue Mountain) the greater 
proportion of lesions is of the scab type. 
Table Il shows the. ratio of lesion types pro- 
duced, for three host varieties. 
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TABLE II 
s = % berries showing a “susceptible” re- 
action (free sporu!ation on active 
lesions). 
r= % berries showing a ‘“‘non-susceptible” 


reaction (scab lesions). 


% berries showing no infection. 


Variety Ss r i 
SL.9 i ase 80 0 20 
K.7 44 42 14 

24 26 48 


Blue Mountain .. 


INOCULATION OF BERRIES IN THE FIELD 


Though the technique of inocu!ating berries 
in the field is a simple one and was used with 
success, the emphasis of the work was on 
laboratory studies, and little attention, other 
than an initial series of inoculations, was given 
to this aspect. Clusters of berries were enclosed 
in polythene bags and a freshly prepared spore 
suspension was atomised on to them. The berry- 
clusters were kept enclosed in the bags for 24- 
48 hours, and the lower end of the bags then 
opened. This was found necessary as there is 
sometimes a large berry fall due to the 
excessively high humidity and temperature 
within closed bags. 


With this technique, and using spore inocu- 
lum from the sources described above, it has 
been found possible to infect berries under 
environmental conditions where all varieties, 
other than the most susceptible, normally fail 
to contract the disease. The percentage of 
berries infected by artificial inoculation at the 
lower altitudes is significantly lower than at 
higher altitudes, and frequently the younger 
berries only are attacked. 


/ 


DISCUSSION 


The coffee berry disease fungus is compar- 
able with many others in which there is a 
high production of spores during presumably 
ideal infective conditions. The incubation 
period falls within the average range shown 
by other pathogens. There is no evidence for 
“Jatent” infections under laboratory or field 
conditions, or any evidence at present that 
any other form of Colletotrichum coffeanum 
is implicated. The form under study has shown 
complete stability in culture and can be inocu- 
lated into berries and recovered without 
morphological or physiological change. 


The important questions of the “carry-over” 
of the disease between seasons and the altitude- 
determined limits of epidemic spread have not 
been investigated. 


Notes on the “Altitude Effect’.—There is 


an apparent correlation between altitude and 


disease incidence in any continuous zone of 
coffee. At the lower altitudes, all but the most 
susceptible varieties are free from disease, 
whereas coffee at higher altitudes seems to be 
more generally susceptible. 


Inoculum is now widely distributed: and it 
appears possible that the vertical limits of 


epidemic spread have been reached, although 


lateral spread is, presumably, still possible. 
The disease has been recorded by the writer 
on susceptible varieties at some of the lower 


altitudes where, owing to the absence of 


epidemic outbreaks, it was believed to be 
absent. 


‘Susceptibility, or disease-proneness, in any 
variety of coffee appears to be. predeter- 
mined to some extent by the conditions of 


_ growth of the tree over long periods, and 


impaired reactivity of the host may be taken 
as a function of time and environment in the 
widest sense. Some support for this has been 
given above with reference to the rate of 


-lesion development for the two coffee trees 


of the same clone, the one grown under glass 
and the other in the open (Graph 1). Con- 
tinued growth in an environment differing 
greatly from the natural one has obviously 
altered the resistance of the plant. Moreover, 
the fact that the fungus is able to infect cer- 
tain varieties (e.g. Harar) with aggressiveness 
at the lower altitudes suggests that the effect 
of altitude is not directly an effect on the 
pathogen. The effect is rather on the host/ 
pathogen relationship, and seems to be pri- 
marily on the host, and not on the pathogen. 


SUMMARY 


A preliminary study of a disease of coffee 
berries attributed to a form of Colletotrichum 
coffeanum Noack has been made. By using 
inoculum obtained from infected detached 
berries, the disease can be reproduced both in 
the field and on detached berries in. moist 
chambers. Using these techniques, studies on 
some host/pathogen relationships are reported. 
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Laboratory tests of various fungicides have 
yielded results comparable with those of field 
trials, while three fungicides show some 
promise of possible control of the disease. 


Reactions of the host to infection are des- 
cribed. aa 


Evidence is put forward in support of the 
theory that the apparent effect of altitude in 
limiting epidemic spread is an effect on the 
susceptibility of the host and not primarily an 
effect on the pathogen. 
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THE RELIABILITY OF THE BUTTERFAT FIGURES OF THE 
EAST AFRICAN MILK RECORDING SCHEME 


By M. A. Barrett, Makerere Veterinary Faculty, Kabete, Kenya 


(Received for publication on 26th June, 1956) 


People join a milk recording scheme for one 
or both of the following reasons: to have 
official incontrovertible evidence of the total 
weight of milk produced by their cows, 
information solely of value to those who 
sell stock; or to learn which of their animals 
produce the milk richest in fat. More peoplé 
are interested in the butterfat percentage of 
milk than in having a certified yield, for it is 
of interest to the liquid milk seller, of import- 
ance to the stock breeder and to the whole 
economy of the butterfat producer. 


‘It is clear that the emphasis will be placed 
upon the butterfat tests as a measure of the 
butterfat yield of the cow. There appears to 
be doubt in stock-owning circles as to the 
reliability of these figures, as well as misappre- 
hension of the degree of consistency to be 
expected between successive tests. 


As long ago as 1925, McCandlish and 
MeVicar, working in Scotland, found that a 
one-day test every month yielded results within 
2 per cent of those obtained by testing every 
day. In 1941, McKillip and Seath, in the 
United States, found good agreement between 
monthly tests and tests every other month. 
Naturally bimonthly tests will be somewhat 
less accurate than monthly tests, although in 
one investigation involving 500 Jersey records 
the average variation between monthly and bi- 
monthly records was only 7.21 lb. of fat for 
completed lactations. Since neither of the 
routine tests, Babcock or Gerber, is more accu- 
rate than +0.05 in the percentage of fat, it 
follows that inaccuracies in the tests themselves 
may account for lactation differences of the 
order of 10 lb. of butterfat. In other words, it 
is not possible to classify between two cows 


recorded as 475 lb. and 465 lb. of butterfat, 
since their differences are within the possible 


‘ error of the accepted testing technique. 


Criticisms are heard of varying butterfat 
tests between results obtained at six-week 
intervals. It is often imagined that each cow 
will give milk of much the same quality, day 
in, day out, week in, week out, with no more 
than a gradual rise in fat percentage as the 
lactation advances. There is little experimental 
evidence to support this view. A variation of 
1.0 in the percentage butterfat or more is 
common between a morning or evening test 
one day and the corresponding test the next. 
It is clear that far wider variations may be 
met between tests made at longer intervals. 
For example Featherstone et al. (1951), work- 
ing in Shropshire and testing each cow in a 
herd twice every week, found individual cows 
to vary as follows: 


DatLy BUTTERFAT PERCENTAGES 


9th 13th 16th 20th 

March March March March 
Buttercup 2.70 3.95 2.20 3.60 
Katie 2.95 4.10 3.90 3.35 
Bluebell 330° 4.70 |. 655 as 
Darkie 5.00 4.55 4.80 5.70 
These are selected, but not exceptional, 


examples to demonstrate actual differences 
found during research into variations in milk 
composition. 


_ In Kenya, in a herd where each cow is tested 
every ten days, the following variations in 
daily butterfat percentages have been observed. 


BUTTERFAT PERCENTAGES IN THE MILK OF FOUR GRADE GUERNSEYS 


25th 5th 15th 15th 25th 
Sept. Nov. Dec. Feb. Mar. 
Ruth .. 3°68 4-27 4°79 6:05 a)OSiey 
Biddy .. 3°41 4-08 3-99 515 3°51 
Tess 4°23 4-22 4°72 6:22 6°10 
Bhizays. Previous lact. Dry 4-30 Wi13 


Sth 15th 25th Sth 15th 25th 
May June July Sept. Oct. Nov. 
5-08 6:26 Dry New lactation 
3°89 4°81 4-80 Dry New lactation 
5*18 5-70 Dry New lactation 
4°87 | 6:00 518 5-00 | S713 | 5°80 
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The figures have been selected to show the 
tests every six weeks to simulate the conditions 
in the East African scheme. 


From these figures lactation butterfat yields 
have been calculated; lactation yields based on 
the thrice monthly tests are given for com- 
parison. 


LACTATION BUTTERFAT YIELDS IN POUNDS 


On the basis of On the basis of 
these six-week tests ten-day tests 


Ib. Ib. 
Ruth 428.0 433.9 
Biddy 365.8 364.0 
Tess. 303.2 309.3 
Eliza 398.4 393.9 


It will be noted that, although there is very 
good agreement between lactation yields based 
on six-weekly tests and ten-day tests, there are 
wide differences between successive tests, differ- 
ences as great as 4.79 to 6.05, an increase of 
1.26; and 7.13 to 4.87, a fall of 2.26. 


There is no simple answer to the variations 
in but‘erfat percentage. From work in the small 
herd quoted above, certain general trends have 
been noted. Tests taken during the first 12 days 
after calving tend to be lower than those taken 
five days later. There is a tendency for the per- 
centage of fat to rise.as the lactation progresses 
and the milk yield falls, ie. the daily butterfat 
yield falls more slowly than the milk yield. 
As the grass dries off and the dry season 
becomes established, there is a tendency for 


the butterfat percentages to rise and the yield 


of milk to fall, especially in the first two 
months of the dry weather, i.e. January and 
February are the months of highest fat per- 
centages. In other words there appears to be’a 
tendency for the same weight of fat to be 
secreted in a smaller volume of milk. This rise 
in fat percentage and fall in milk yield occurs 
despite a nominally adequate dry-weather 
feed. Clearly the feeding cannot be truly ade- 
quate or there would be no change in the 
weight of milk secreted or in the percentage of 
fat. Conversely, some three weeks after the 
rains break the butterfat percentage tends to 
fall, even if the yield of milk does not rise 
appreciably. The production of fat is not 
directly related to the production of the rest of 
the milk, so that any temporary increase or 
decrease in the volume of milk will not neces- 
sarily be accompanied by any increase Or 
decrease in the weight of fat secreted. Peculiar 


irregularities may be observed: for example, 
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when foot-and-mouth , disease occurred the 
butterfat percentage of the high-grade 
Guernseys rose as the yield of milk fell, as 
might have been expected; but with the pure 
East African short-horned zebus in the same 
oe the: butterfat percentage fell as the yield 
ell. 


Dick (1950), in New Zealand, expressed the 
problem for milk yield as follows: 


“The following assumption [was] made: 
that each cow possesses its own smooth 
lactation curve, which, if the environment 
remained constant from day to day, would 
determine the successive daily milk yields. 
The actual milk yields are, however, the 
sum of the yield expected from this smooth 
curve, plus a random term, the size of which 
is determined by the peculiarities of each 
successive day”. 


If such be the case then any factor which 
alters the environment will tend to alter the 
yield and the butterfat percentage. The most 
obvious is a change of feed. It has been 
established that, with some types of concent- 
rate, roughage plays an important part in 
maintaining butterfat percentage; it is danger- 
ous, therefore, to reduce the roughage even of 
high-yielding cows below about 10 Ib. of dry 
matter per day. 

Any change of feed calls for care, and must 
be accomplished slowly. Fermentation silage 
should be introduced very slowly, because time 
is needed for the build-up of a different 
rumenal flora for its efficient digestion. It is 
probable that the same problem affects the 
animals with all changes of diet. 


Climatic changes may also be responsible 
for short-term as well as long-term variations. 
A cold night may lead to a reduced yield of 
milk and a rise in fat percentage, giving almost 
the same daily yield of fat. Disease is estab- 
lished as a cause of variation. Febrile condi- 
tions, such as three-day sickness, generally 
cause a sharp drop in milk yield with a slight 
rise in fat percentage. Routine inoculations 
may affect the percentage of butterfat in the 
milk produced during the next two days. 


There are other factors that are more con- 
trollable by the stockman and may be broadly 
classified as psychological. Any disturbance of 
the milking routine may affect yield and 
quality of the milk—such events as a Cow 
being displaced from her accustomed stall, or 
a strange milker, as well as the “rodeo” which 
too often is the prelude to milking. A move 
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to new surroundings may have both psycho- 
logical and environmental effects, involving 
change of altitude and companions. Diseases 
such as foul of foot or eye infections may 
involve distress, leading to milk changes not 
primarily due to the physical condition. 


To sum up, the method of testing butterfat 
is subject to small errors of the order of 10 Ib. 
of butterfat per lactation. The butterfat of 
cows’ milk may vary by a reading of 1 per cent 
in successive days, so that variations of read- 
ings of over 2.5 per cent between tests at six- 
week intervals occur. Despite these wide varia- 
tions the butterfat yield, and hence the lacta- 


tion butterfat percentage, can be estimated 
with some accuracy on the basis of tests made 
every six to eight weeks, especially when the 
daily weight of milk is recorded as is the 
practice in Kenya. 
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INSECT DAMAGE OBSERVED IN STORED GROUNDNUTS 


By D. W. Hall, D.S.LR., Pest Infestation Laboratory, England 


(Received for publication on 30th July, 1956) 


In an article entitled “Arthropods Associ- 
ated with Stored Groundnuts in Nyasaland”, 
Salmond (1956) referred to certain types of 
damage seen during a survey of stored ground- 
nuts in village storage containers in Nyasaland. 
In this paper it is pointed out that damage 
which occurs after ripening but before harvest- 
ing is effected by termites and not as Hall 
(1954) states by lepidopterous larve or larvze 
and adults of the beetle Tribolium castaneum. 
In my 1954 publication referred to here, the 
above statement attributed to me has not been 
made. It is common knowledge in well- 
informed stored product circles that Tribolium 
castaneum and ‘stored-product lepidopterous 
larve do not attack produce in the soil. 


The characteristic damage referred to as 
being caused by termites is not identifiable 
from the illustration (Fig. 1) in Dr. Salmond’s 
paper but is presumably the same as that 
which was clearly figured in my article, Dr. 
Salmond states that this damage is not effected 
by the insects I have mentioned but she has 
not recorded any evidence in her paper to show 
that she has carried out experiments which 
disprove my statement, nor has she suggested 
the factors which cause the amount of this 
damage which the African peasants informed 
her occurs in store. Work has been carried out 
at the Pest Infestation Laboratory on damage 
to stored groundnuts and since the publication 
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of my paper on this subject, we have proved 
that this type of damage can be caused by a 
number of stored-product beetles additional to 
Tribolium castaneum as well as by stored- 
product lepidopterous larve. 


Although Dr. Salmond has referred to 


termites causing this type of damage only 


before harvest it is of interest to note that in 
some countries they also continue to do the 
same damage after harvest when the nuts are 
drying out in the field. 


Dr. Salmond’s interpretation of this type of 
damage is muddled, and the situation is clari- 
fied by the following statement: 


The Groundnut Damage Type 1 (Hall, 
1954) characterised by the exocarp of the 
pods having been eaten but the kernels being 
undamaged, is effected during storage by 
stored-product lepidopterous larve and by 
stored-product beetles and larve (including 
Tribolium castaneum) and also before and 
after harvest by termites. 
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FLORA OF TROPICAL EAST AFRICA— 
CANELLACEA* 

Those interested in this family can obtain 
this part of the East African Flora for the 
price of one shilling. It has been prepared by 
Dr. B. Verdcourt of the East Africa Herba- 
rium, Nairobi. 

To some authorities the family is known as 
the Winteranacez, a small family containing 
only about four genera with few species. It 
has a very marked discontinuity in distribu- 
tion, being recorded from South America, East 
Africa and Madagascar. 


The East African representative is Warbur- 
gia. When Dr. Verdcourt first began to study 
this genus, he thought there was only one 
widely distributed species; but further collect- 
ing and investigation proved him wrong and 
in the Flora he recognises three species. © 


A brief description is given of the charac- 
teristics of the family which seems to contain 
only “aromatic glabrous trees”. The genus 
Warburgia is then described in detail and this 
is followed by a key differentiating between 
the three species; this is based on fruit shape 
and size, the size of the flower and staminal 
tube. Unless one is lucky enough to find 
fruiting or flowering specimens, it will be 
difficult to differentiate between the three 
species since the leaves of all three seem to be 
similar. 


Each species is fully described, the type 
specimens recorded and their geographical dis- 
tribution given, with the collectors’ numbers 
and specimens examined. 


Like the other members of the family, the 
distribution of the three species is very dis- 
continuous. Warburgia stuhlmannii Engl. is, 
as far as we know, confined to coastal forest 
and open woodland; it was originally described 
from the Pangani district of Tanganyika and 
then reappears in the Kwale district of Kenya 
but has still to be found in other coastal 
localities. W. ugandensis Sprague is separated 
into two subspecies, ugandensis and longifolia 
Verdcourt. The former is found in one area of 
Uganda, Toro district; in Kenya in three areas, 
being locally common around Nairobi up to 
the Kedong Valley; it then turns up on the 
West Usambara Mountains and is again found 
in the Bukoba district, on termite hills in 


swamp forest in Tanganyika with a~distribu- 


‘tion into the Belgian Congo; it then reappears 


in the Transvaal. It appears to tolerate a wide 
range of habitats, being found in lowland rain 


forest, upland dry evergreen forest and its 


relicts, in secondary bushland and grassland 
and, as already stated, on termite hills in 
swamp forest; its altitudinal range is from 
1,100-2,200 m. The other subspecies, /ongi- 
folia, we would like to know more about, since 
it is known from only one tree. It was collected 
on the Rondo Plateau, in the Lindi district of 
Tanganyika, in lowland rain forest at 800 m. 
One would have thought from its ecological 
habitat thdt it was closely allied to the coastal 
W. stuhlmannii, but Dr. Verdcourt says in 
floral morphology it comes closest to W. 
ugandensis. Ripe fruits, collected after the 
Flora had been written, show that they are 
actually even larger than those of subsp. 
ugandensis. — 


The third species is W. elongata Verdcourt, 
a small tree or evergreen shrub, which appears 
to be endemic in Tanganyika and so far has 
only been found in the Vikindu Forest, 
Uzaramo district, in undergrowth of coastal 


riverine forest of Khaya, Macrolobium, Parkia, — 


Afzelia, Trachylobium, Barringtonia and 
Uapaca, and a!so on the edge of Pandanus- 
Raphia swamp forest at 30 m. altitude. 


Dr. Verdcourt is to be congratulated in 
tidying up this very difficult genus. He wished, 
however, that more material of the subspecies 


longifolia and W. elongata had been available 
fer study. 


The genus is fully illustrated by a full page 
of analytical line drawings by Mrs. Olive 
Mi'ne-Redhead showing W. ugandensis subsp. 
ugandensis. 


This interesting genus sets a problem for the 
silviculturists, I have never found ripe fruits 
on the tree but only on the ground; when 
picked up they always contain three or four 
small white grubs voraciously feeding on the 
pulp and large angular seeds. I am doubtful 
if any of the seeds survive to germinate. If 
One wishes to save the seeds from these insect 
attacks, will dried seeds retain their viability 


or must they remain wet for better germina- 
tion? 


* Flora of Tropical East Africa, Canellacee; published under the authority of the Secretary of State for 
the Colonies by the Crown Agents for Oversea Governments and Administrations, 4 Millbank, London, S.W.1; 


pp. 4 and 1 fig., price Sh. 1. 
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Economically the genus could be of impor- 
tance for its timber were it to be found in 
quantity. W. ugandensis is said to attain a 


height of 140 ft. but usually with a rather short 


and wavy bole. The sapwood is white or 
yellow, heartwood yellowish-green darkening 
in old trees to a deep olive-green or dark brown 
colour, lustrous, scented, somewhat like that 
of sandalwood, with a high oil content burning 
with an incense-like smell; it saws easily, 


planes well and takes a high polish but is 


liable to split on nailing. It is not durable in 
the ground like W. stuhlmannii nor is it resis- 
tant to termites. It has been used for furniture 


and cabinet work and the wood chips have 


been exported to Bombay for cremation fuel. 

It has a number of native uses, and the bark, 

leaves, fruits and young twigs are hot to the 
taste. It is said that the leaves are sometimes 

used in curries by Indians in Kenya. 


To date, twelve parts of the Flora of 
Tropical East Africa have been published, they 
are Canellacez, Caryophyllacee, Chenopodi- 
aceze, Connaracex, Hypericacee, Marantacez, 
Oleacez, Onagracez, Pedaliacez, Ranuncula- 
cee, Trapacee and Turneracee. They are 
obtainable from all the Government Printers 
in East Africa and the Uganda Bookshop, 
P.O. Box 145, Kampala, Uganda. 

P.J.G. 
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More work, in less time, at lower 
cost—that’s the formula for successful 


farming, To achieve this, every engine, 


every tractor, every piece of machinery on 
your farm should be maintained in _first- 


class working order. Here, Caltex products 


are your standby. 
The, reliable purity of Caltex Super- 
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— Save a 


LABOUR 


Power Kerosene guards against blocked 
fuel systems. Caltex Diesel Gas Oil . 
extra power, at less cost. Regular lubrica- 
tion with Protex Premium Motor Oil H.D. 
or R.P.M. Delo means longer engine life, 
fewer breakdowns .;.and Thuban Gear 
Oil ensures resistance to friction, wear 
and over-heating. 


i Let Caltex work for you—and prove these claims. 


M THE CALTEX way! 
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ty No one pattern tractor ee give the best 
2 aneeawaere under all conditions. In countries — foe 

- where the soils are heavy, Dunlop ce Be 

Centre: tyres are » popular because re) ‘their 

‘exceptional grip, but for Tight soils, and 


Ndisions: of or : you an aoe 
that Dunlop tractor tyres will give 
pe maximum erie: with 


Depositaires:—-THE AFRICAN MERCANTILE co, LTD. 
(Incorporated in England) 
Branches throughout Kenya and Tangenie 
Available from all K.F.A. Branches and Tyre Dealers 
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